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(57) ABSTRACT

A surgical instrument comprises an end effector, a shaft, and
ahousing extending proximally from the shaft. The end effec-
tor is movable relative to the shaft between an articulation
home state position and an articulated position and comprises
a surgical stapler including a plurality of staples and a firing
member that fires the plurality of staples. The firing member
is movable between a firing home state position and a fired
position. The housing includes a motor operably supported by
the housing, a controller in communication with the motor,
and a home state input configured to transmit a home state
input signal to the controller which is configured to activate
the motor in response to the home state input signal to effec-
tuate a return of the end effector to the articulation home state
position and a return of the firing member to the firing home
state position.

14 Claims, 162 Drawing Sheets
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1
ARTICULATION CONTROL SYSTEM FOR
ARTICULATABLE SURGICAL
INSTRUMENTS

BACKGROUND

The present invention relates to surgical instruments and,
in various embodiments, to surgical cutting and stapling
instruments and staple cartridges therefor that are designed to
cut and staple tissue.

BRIEF DESCRIPTION OF THE DRAWINGS

The features and advantages of this invention, and the
manner of attaining them, will become more apparent and the
invention itself will be better understood by reference to the
following description of embodiments of the invention taken
in conjunction with the accompanying drawings, wherein:

FIG. 1 is a perspective view of a surgical instrument com-
prising a handle, a shaft, and an articulatable end effector;

FIG. 2 is an elevational view of the surgical instrument of
FIG. 1;

FIG. 3 is a plan view of the surgical instrument of FIG. 1;

FIG. 4 is a cross-sectional view of the end effector and the
shaft of the surgical instrument of FIG. 1;

FIG. 5 is a detail view of an articulation joint which rotat-
able connects the shaft and the end effector of FIG. 1 which
illustrates the end effector in a neutral, or centered, position;

FIG. 6 is a cross-sectional view of an articulation control of
the surgical instrument of FIG. 1 in a neutral, or centered,
position;

FIG. 7 is an exploded view of the end effector, elongate
shaft, and articulation joint of the surgical instrument of FIG.
1

FIG. 8 is a cross-sectional view of the end effector, elon-
gate shaft, and articulation joint of the surgical instrument of
FIG. 1;

FIG. 9 is a perspective view of the end effector, elongate
shaft, and articulation joint of the surgical instrument of FIG.
1

FIG. 10 depicts the end effector of the surgical instrument
of FIG. 1 articulated about the articulation joint;

FIG. 11 is a cross-sectional view of the articulation control
of FIG. 6 actuated to move the end effector as shown in FIG.
12;

FIG. 12 is a perspective view of a surgical instrument
comprising a handle, a shaft, and an articulatable end effector;

FIG. 13 is a side view of the surgical instrument of F1G. 12;

FIG. 14 is a perspective view of a firing member and a
pinion gear positioned within the handle of FIG. 12;

FIG. 15 is a perspective view of the firing member and the
pinion gear of FIG. 14 and a gear reducer assembly operably
engaged with the pinion gear;

FIG. 16 is a perspective view of the handle of FIG. 12 with
portions thereof removed to illustrate the firing member and
the pinion gear of FIG. 14, the gear reducer assembly of F1G.
15, and an electric motor configured to drive the firing mem-
ber distally and/or proximally depending on the direction in
which the electric motor is turned;

FIG. 17 is a perspective view of a surgical instrument
comprising a handle, a shaft, an end effector, and an articu-
lation joint connecting the end effector to the shaft illustrated
with portions of the handle removed for the purposes of
illustration;

FIG. 18 is a cross-sectional view of the surgical instrument
of FIG. 17,
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FIG. 19 is an exploded view of the surgical instrument of
FIG. 17,

FIG. 20 is a cross-sectional detail view of the surgical
instrument of FIG. 17 illustrated with the end effector in an
open configuration, the articulation joint in an unlocked con-
figuration, and an articulation lock actuator of the surgical
instrument handle illustrated in an unlocked configuration;

FIG. 21 is a cross-sectional detail view of the surgical
instrument of FIG. 17 illustrating the end effector in an articu-
lated, open configuration, the articulation joint in an unlocked
configuration, and an articulation driver engaged with a firing
member of the surgical instrument of FIG. 17, wherein the
movement of the firing member can motivate the articulation
driver and articulate the end effector;

FIG. 22 is a cross-sectional detail view of the surgical
instrument of FIG. 17 illustrating the end effector in a closed
configuration, the articulation joint in an unlocked configu-
ration, and an end effector closing drive being actuated to
close the end effector and move the articulation lock actuator
into a locked configuration;

FIG. 22A is a cross-sectional detail view of the handle of
the surgical instrument of FIG. 17 illustrated in the configu-
ration described with regard to FIG. 22;

FIG. 23 is a cross-sectional detail view of the surgical
instrument of FIG. 17 illustrating the end effector in a closed
configuration and the articulation joint in a locked configu-
ration, wherein the actuated closing drive prevents the articu-
lation lock actuator from being moved into its unlocked con-
figuration illustrated in FIGS. 20-22;

FIG. 24A is a plan view of the articulation joint of the
surgical instrument of FIG. 17 illustrated in a locked configu-
ration;

FIG. 24B is a plan view of the articulation joint of the
surgical instrument of FIG. 17 illustrated in an unlocked
configuration;

FIG. 25 is a cross-sectional detail view of the handle of the
surgical instrument of FIG. 17 illustrating the articulation
driver disconnected from the firing member by closure drive;

FIG. 26 is a cross-sectional detail view of the surgical
instrument of FIG. 17 illustrating the firing member in an at
least partially fired position and the articulation driver dis-
connected from the firing member by the closure drive;

FIG. 27 is a cross-sectional detail view of the surgical
instrument of FIG. 17 illustrating end effector in a closed
configuration, the articulation joint and the articulation joint
actuator in a locked configuration, and the firing member in a
retracted position;

FIG. 28 is a cross-sectional detail view of the surgical
instrument of FIG. 17 illustrating the end effector in an open
configuration, the end effector closing drive in a retracted
position, and the articulation joint in a locked configuration;

FIG. 29 is a cross-sectional detail view of the surgical
instrument of FIG. 17 illustrating the end effector in an open
configuration and the articulation joint and the articulation
joint actuator in an unlocked configuration wherein the
articulation driver can be reconnected to the firing drive and
utilized to articulate the end effector once again;

FIG. 30 is an exploded view of a shaft and an end effector
of a surgical instrument including an alternative articulation
lock arrangement;

FIG. 31 is a cross-sectional elevational view of the end
effector and the shaft of the surgical instrument of FIG. 30
illustrating the end effector in an unlocked configuration;

FIG. 32 is a cross-sectional elevational view of the end
effector and the shaft of the surgical instrument of FIG. 30
illustrating the end effector in a locked configuration;
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FIG. 33 is an assembly view of one form of surgical system
including a surgical instrument and a plurality of interchange-
able shaft assemblies;

FIG. 34 is a perspective view of a surgical instrument
handle coupled to an interchangeable shaft assembly;

FIG. 35 is an exploded perspective view of the surgical
instrument handle of FIG. 34;

FIG. 36 is a side elevational view of the handle of FIG. 35
with a portion of the handle housing removed;

FIG. 37 is an exploded perspective view of an interchange-
able shaft assembly;

FIG. 38 is a side elevational assembly view of a portion of
the handle and interchangeable shaft assembly of FIG. 34
illustrating the alignment of those components prior to being
coupled together and with portions thereof omitted for clar-
ity;

FIG. 39 is a perspective view of a portion of an interchange-
able shaft assembly prior to attachment to a handle of a
surgical instrument;

FIG. 40 is a side view of a portion of an interchangeable
shaft assembly coupled to a handle with the lock yoke in a
locked or engaged position with a portion of the frame attach-
ment module of the handle;

FIG. 41 is another side view of the interchangeable shaft
assembly and handle of FIG. 40 with the lock yoke in the
disengaged or unlocked position;

FIG. 42 is a top view of a portion of an interchangeable
shaft assembly and handle prior to being coupled together;

FIG. 43 is another top view of the interchangeable shaft
assembly and handle of FIG. 42 coupled together;

FIG. 44 is a side elevational view of an interchangeable
shaft assembly aligned with a surgical instrument handle
prior to being coupled together;

FIG. 45 is a front perspective view of the interchangeable
shaft assembly and surgical instrument handle of FIG. 44
with portions thereof removed for clarity;

FIG. 46 is a side view of a portion of an interchangeable
shaft assembly aligned with a portion of a surgical instrument
handle prior to being coupled together and with portions
thereof omitted for clarity;

FIG. 47 is another side elevational view of the interchange-
able shaft assembly and handle of FIG. 46 wherein the shaft
assembly is in partial coupling engagement with the handle;

FIG. 48 is another side elevational view of the interchange-
able shaft assembly and handle of FIGS. 46 and 47 after being
coupled together;

FIG. 49 is another side elevational view of a portion of an
interchangeable shaft assembly aligned with a portion of
handle prior to commencing the coupling process;

FIG. 50 is a top view of a portion of another interchange-
able shaft assembly and a portion of another surgical instru-
ment frame arrangement;

FIG. 51 is another top view of the interchangeable shaft
assembly and frame portion of FIG. 50 after being coupled
together;

FIG. 52 is an exploded perspective view of the interchange-
able shaft assembly and frame portion of FIG. 50;

FIG. 53 is another exploded perspective view of the inter-
changeable shaft assembly and frame portion of FIG. 52 with
the shaft attachment module of the shaft assembly in align-
ment with the frame attachment module of the frame portion
prior to coupling;

FIG. 54 is a side elevational view of the interchangeable
shaft assembly and frame portion of FIG. 52;

FIG. 55 is a perspective view of the interchangeable shaft
assembly and frame portion of FIGS. 53 and 54 after being
coupled together;
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FIG. 56 is a side elevational view of the interchangeable
shaft assembly and frame portion of FIG. 55;

FIG. 57 is another perspective view of the interchangeable
shaft assembly and frame portion of FIGS. 55 and 56 with
portions thereof omitted for clarity;

FIG. 58 is a top view of a portion of another interchange-
able shaft assembly and frame portion of a surgical instru-
ment prior to being coupled together;

FIG. 59 is another top view of the interchangeable shaft
assembly and frame portion of FIG. 58 after being coupled
together;

FIG. 60 is a perspective view of the interchangeable shaft
assembly and frame of FIGS. 58 and 59 prior to being coupled
together;

FIG. 61 is another perspective view of the interchangeable
shaft assembly and frame portion of FIGS. 58-60 after being
coupled together;

FIG. 62 is another perspective view of the interchangeable
shaft assembly and frame portion of FIGS. 58-60 after being
coupled together, with portions of the shaft assembly shown
in cross-section;

FIG. 63 is an exploded perspective assembly view of
another end effector shaft assembly and frame portion of a
surgical instrument;

FIG. 64 is atop exploded assembly view of the end effector
shaft assembly and frame portion of FIG. 63;

FIG. 65 is another exploded perspective assembly view of
the end effector shaft assembly and frame portion of FIGS. 63
and 64;

FIG. 66 is a perspective view of the end effector shaft
assembly and frame portion of FIGS. 63-65 after being
coupled together;

FIG. 67 is a side elevational view of the end effector shaft
assembly and frame portion of FIG. 66 with portions thereof
omitted for clarity;

FIG. 68 is a top exploded assembly view of another end
effector shaft assembly and frame portion of another surgical
instrument;

FIG. 69 is a perspective exploded assembly view of the end
effector shaft assembly and frame portion of FIG. 68;

FIG. 70 is another perspective assembly view of the end
effector shaft assembly and frame portion of FIGS. 68 and 69
with the end effector shaft assembly prior to being latched in
coupled engagement with the frame portion;

FIG. 71 is a top view of the end effector shaft assembly and
frame portion of FIG. 70;

FIG. 72 is a top view of the end effector shaft assembly and
frame portion of FIGS. 68-71 after being coupled together;

FIG. 73 is a side elevational view of the end effector shaft
assembly and frame portion of FIG. 72;

FIG. 74 is a perspective view of the end effector shaft
assembly and frame portion of FIGS. 72 and 73;

FIG. 75 is an exploded assembly view of an interchange-
able shaft assembly and corresponding handle with some
components thereof shown in cross-section;

FIG. 76 is a partial cross-sectional perspective view of
portions of the end effector shaft assembly and the handle of
FIG. 75,

FIG. 77 is a partial perspective view of the end effector
shaft assembly and handle of FIGS. 75 and 76 coupled
together with various components omitted for clarity;

FIG. 78 is a side elevational view of the end effector shaft
assembly and handle of FIG. 77;

FIG. 79 is a side elevational view of the end effector shaft
assembly and handle of FIGS. 75-78 coupled together with
the closure drive in an unactuated position and with some
components shown in cross-section;
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FIG. 80 is another side elevational view of the end effector
shaft assembly and handle of FIG. 79 with the closure drive in
a fully actuated position;

FIG. 81 is an exploded assembly view of an interchange-
able shaft assembly and corresponding handle with some
components thereof omitted for clarity and wherein the clo-
sure drive system is in a locked orientation;

FIG. 82 is a side view of the end effector shaft assembly and
handle of FIG. 81 coupled together with various components
omitted for clarity and wherein the closure drive system is in
an unlocked and unactuated position;

FIG. 83 is a side view of the end effector shaft assembly and
handle of FIG. 82 with various components shown in cross-
section for clarity;

FIG. 84 is a side view of the end effector shaft assembly and
handle of FIGS. 81-83 coupled together with various compo-
nents omitted for clarity and wherein the closure drive system
is in an actuated position;

FIG. 85 is a side view of the end effector shaft assembly and
handle of FIG. 84 with various components shown in cross-
section for clarity;

FIG. 86 is an exploded perspective assembly view of a
portion of an interchangeable shaft assembly and a portion of
a handle of a surgical instrument;

FIG. 87 is a side elevational view of the portions of the
interchangeable shaft assembly and handle of FIG. 86;

FIG. 88 is another exploded perspective assembly view of
portions of the interchangeable shaft assembly and handle of
FIGS. 86 and 87 with portions of the interchangeable shaft
assembly shown in cross-section for clarity;

FIG. 89 is another side elevational view of portions of the
interchangeable shaft assembly and handle of FIGS. 86-88
with portions thereof shown in cross-section for clarity;

FIG. 90 is a side elevational view of the portions of the
interchangeable shaft assembly and handle of FIGS. 86-89
after the interchangeable shaft assembly has been operably
coupled to the handle and with portions of thereof shown in
cross-section for clarity;

FIG. 91 is another side elevational view of portions of the
interchangeable shaft assembly and handle coupled thereto
with the closure drive system in a fully-actuated position;

FIG. 92 is an exploded perspective assembly view of a
portion of another interchangeable shaft assembly and a por-
tion of a handle of another surgical instrument;

FIG. 93 is a side elevational view of portions of the inter-
changeable shaft assembly and handle of FIG. 92 in align-
ment prior to being coupled together;

FIG. 94 is another exploded perspective view of the inter-
changeable shaft assembly and handle of FIGS. 92 and 93
with some portions thereof shown in cross-section;

FIG. 95 is another perspective view of the interchangeable
shaft assembly and handle of FIGS. 92-94 coupled together in
operable engagement;

FIG. 96 is a side elevational view of the interchangeable
shaft assembly and handle of FIG. 95;

FIG. 97 is another side elevational view of the interchange-
able shaft assembly and handle of FIG. 96 with some com-
ponents thereof shown in cross-section;

FIG. 98 is another side elevational view of the interchange-
able shaft assembly and handle of FIGS. 92-96 with the
closure trigger in a fully actuated position;

FIG. 99 is a perspective view of a portion of another inter-
changeable shaft assembly that includes a shaft locking
assembly arrangement;

FIG. 100 is a perspective view of the shaft locking assem-
bly arrangement depicted in FIG. 99 in a locked position with
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the intermediate firing shaft portion of the firing member of an
interchangeable shaft assembly;

FIG. 101 is another perspective view of the shaft locking
assembly and intermediate firing member portion with the
shaft locking assembly in an unlocked position;

FIG. 102 is a schematic illustrating, one, a clutch assembly
for operably connecting an articulation drive to a firing drive
of'a surgical instrument and, two, an articulation lock config-
ured to releasably hold the articulation drive, and an end
effector of the surgical instrument, in position, wherein FIG.
102 illustrates the clutch assembly in an engaged position and
the articulation lock in a locked condition;

FIG. 103 is a schematic illustrating the clutch assembly of
FIG. 102 in its engaged position and the articulation lock of
FIG. 102 in a first unlocked condition which permits the
articulation of the end effector of FIG. 102 in a first direction;

FIG. 104 is a schematic illustrating the clutch assembly of
FIG. 102 in its engaged position and the articulation lock of
FIG. 102 in a second unlocked condition which permits the
articulation of the end effector of FIG. 102 in a second direc-
tion;

FIG. 104A is an exploded view of the clutch assembly and
the articulation lock of FIG. 102;

FIG. 105 is a partial perspective view of a shaft assembly
including the clutch assembly of FIG. 102 in its engaged
position with portions of the shaft assembly removed for the
purposes of illustration;

FIG. 106 is a partial top plan view of the shaft assembly of
FIG. 105 illustrating the clutch assembly of FIG. 102 in its
engaged position;

FIG. 107 is a partial bottom plan view of the shaft assembly
of FIG. 105 illustrating the clutch assembly of FIG. 102 in its
engaged position;

FIG. 108 is a partial perspective view of the shaft assembly
of FIG. 105 illustrating the clutch assembly of FIG. 102 in its
engaged position with additional portions removed for the
purposes of illustration;

FIG. 109 is a partial perspective view of the shaft assembly
of FIG. 105 illustrating the clutch assembly of FIG. 102 in a
disengaged position with additional portions removed for the
purposes of illustration;

FIG. 110 is a partial perspective view of the shaft assembly
of FIG. 105 illustrating the clutch assembly of FIG. 102
moved into a disengaged position by a closure drive of the
shaft assembly;

FIG. 111 is a partial plan view of the shaft assembly of FI1G.
105 illustrating the clutch assembly of FIG. 102 in its engaged
position with additional portions removed for the purposes of
illustration;

FIG. 112 is a partial plan view of the shaft assembly of FI1G.
105 illustrating the clutch assembly of FIG. 102 in a disen-
gaged position with additional portions removed for the pur-
poses of illustration;

FIG. 113 is a plan view of an alternative embodiment of an
articulation lock illustrated in a locked condition;

FIG. 114 is an exploded view of the articulation lock of
FIG. 113;

FIG. 115 is a cross-sectional view of another alternative
embodiment of an articulation lock illustrated in a locked
condition;

FIG. 116 is an exploded view of the articulation lock of
FIG. 114;

FIG. 117 is a perspective view of another alternative
embodiment of an articulation lock illustrated in a locked
condition;

FIG. 118 is an exploded view of the articulation lock of
FIG. 117,
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FIG. 119 is an elevational view of the articulation lock of
FIG. 117 illustrating the articulation lock illustrated in a
locked condition;

FIG. 120 is an elevational view of the articulation lock of
FIG. 117 illustrating the articulation lock in a first unlocked
condition to articulate an end effector in a first direction;

FIG. 121 is an elevational view of the articulation lock of
FIG. 117 illustrating the articulation lock in a second
unlocked condition to articulate an end effector in a second
direction;

FIG. 122 is another exploded view of the articulation lock
of FIG. 117,

FIG. 123 is a perspective view of a first lock cam of the
articulation lock of FIG. 117,

FIG. 124 is a perspective view of a second lock cam of the
articulation lock of FIG. 117,

FIG. 125 is a perspective view of another alternative
embodiment of an articulation lock illustrated in a locked
condition;

FIG. 126 is an exploded view of the articulation lock of
FIG. 125;

FIG. 127 is a cross-sectional elevational view of the articu-
lation lock of FIG. 125 illustrating the articulation lock in a
first unlocked condition for articulating an end effector in a
first direction;

FIG. 128 is a cross-sectional elevational view of the articu-
lation lock of FIG. 125 illustrating the articulation lock in a
locked condition;

FIG. 129 is a cross-sectional elevational view of the articu-
lation lock of FIG. 125 illustrating the articulation lock in a
second unlocked condition for articulating an end effector in
a second direction;

FIG. 130 is a cross-sectional elevational view of the articu-
lation lock of FIG. 125 illustrating the articulation lock in a
locked condition;

FIG. 131 is a perspective view of a shaft assembly;

FIG. 132 is an exploded view of the shaft assembly of FIG.
131 illustrating an alternative embodiment of a clutch assem-
bly for operably connecting an articulation drive with a firing
drive of the shaft assembly;

FIG. 133 is another exploded view of the shaft assembly of
FIG. 131;

FIG. 134 is a partial exploded view of the shaft assembly of
FIG. 131 illustrated with portions removed for the purposes
of illustration;

FIG. 135 is an end view of the shaft assembly of FIG. 131
illustrated with portions removed for the purposes of illustra-
tion;

FIG. 136 is another end view of the shaft assembly of FIG.
131 illustrated with portions removed for the purposes of
illustration;

FIG. 137 is a partial cross-sectional elevational view of the
shaft assembly of FIG. 131;

FIG. 138 is a partial cross-sectional perspective view of the
shaft assembly of FIG. 131;

FIG. 139 is another partial cross-sectional view of the shaft
assembly of FIG. 131;

FIG. 140 is a perspective view of the shaft assembly of FIG.
131 illustrating the clutch assembly in an engaged position
and illustrated with portions removed for the purposes of
clarity; specifically, a clutch actuator is illustrated while a
clutch sleeve, a switch drum, a proximal articulation driver,
and a closure tube are not illustrated;

FIG. 141 is a perspective view of the shaft assembly of FIG.
131 illustrating the clutch assembly in an engaged position
and illustrated with portions removed for the purposes of
clarity; specifically, the clutch actuator and the clutch sleeve
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are illustrated while the switch drum, the proximal articula-
tion driver, and the closure tube are not illustrated;

FIG. 142 is a perspective view of the shaft assembly of FI1G.
131 illustrating the clutch assembly in a disengaged position
and illustrated with portions removed for the purposes of
clarity; specifically, the clutch actuator and the clutch sleeve
are illustrated while the switch drum, the proximal articula-
tion driver, and the closure tube are not illustrated;

FIG. 143 is a perspective view of the shaft assembly of FIG.
131 illustrating the clutch assembly in a disengaged position
and illustrated with portions removed for the purposes of
clarity; specifically, the clutch actuator, the clutch sleeve, and
the closure tube are illustrated while the switch drum and the
proximal articulation driver are not illustrated;

FIG. 144 is a perspective view of the shaft assembly of FIG.
131 illustrating the clutch assembly in a disengaged position;
the clutch actuator, the clutch sleeve, the closure tube, the
switch drum, and the proximal articulation driver are illus-
trated;

FIG. 145 is a perspective view of the shaft assembly of FI1G.
131 illustrating the clutch assembly in an engaged position
and illustrated with portions removed for the purposes of
clarity; specifically, the clutch actuator, the clutch sleeve, and
the proximal articulation driver are illustrated while the
switch drum and the closure tube are not illustrated;

FIG. 146 is a perspective view of the shaft assembly of FIG.
131 illustrating the clutch assembly in an engaged position
and illustrated with portions removed for the purposes of
clarity; specifically, the clutch actuator, the clutch sleeve, the
proximal articulation driver, and closure tube are illustrated
while the switch drum is not illustrated; moreover, the articu-
lation drive system of the shaft assembly is illustrated in a
centered, or unarticulated, condition;

FIG. 147 is a perspective view of the shaft assembly of FI1G.
131 illustrating the clutch assembly in an engaged position
and illustrated with portions removed for the purposes of
clarity; specifically, the clutch actuator, the clutch sleeve, and
the proximal articulation driver are illustrated while the
switch drum and the closure tube are not illustrated; more-
over, the articulation drive system of the shaft assembly is
illustrated in a condition in which an end effector of the shaft
assembly would be articulated to the left of a longitudinal axis
of the shaft assembly;

FIG. 148 is a perspective view of the shaft assembly of FIG.
131 illustrating the clutch assembly in an engaged position
and illustrated with portions removed for the purposes of
clarity; specifically, the clutch actuator, the clutch sleeve, and
the proximal articulation driver are illustrated while the
switch drum and the closure tube are not illustrated; more-
over, the articulation drive system of the shaft assembly is
illustrated in a condition in which the end effector of the shaft
assembly would be articulated to the right of the longitudinal
axis of the shaft assembly;

FIG. 149 is a perspective view of the shaft assembly of FI1G.
131 illustrating the clutch assembly in an engaged position
and illustrated with portions removed for the purposes of
clarity; specifically, the clutch actuator, the clutch sleeve, the
closure tube, and the proximal articulation driver are illus-
trated while the switch drum is not illustrated;

FIG. 150 is a perspective view of a surgical instrument in
accordance with certain embodiments described herein;

FIG. 151 is a schematic block diagram of a control system
of a surgical instrument in accordance with certain embodi-
ments described herein;

FIG. 152 is a perspective view of an interface of a surgical
instrument in accordance with certain embodiments
described herein;
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FIG. 153 is a top view of the interface of FIG. 152;

FIG. 154 is a cross-sectional view of the interface of FIG.
152 in an inactive or neutral configuration in accordance with
certain embodiments described herein;

FIG. 155 is a cross-sectional view of the interface of FIG.
152 activated to articulate an end effector in accordance with
certain embodiments described herein;

FIG. 156 is a cross-sectional view of the interface of FIG.
152 activated to return an end effector to an articulation home
state position in accordance with certain embodiments
described herein;

FIG. 157 is a cross-sectional view of an interface similar to
the interface of FIG. 152 in an inactive or neutral configura-
tion in accordance with certain embodiments described
herein;

FIG. 158 is a cross-sectional view of the interface of FIG.
152 activated to articulate an end effector in accordance with
certain embodiments described herein;

FIG. 159 is a cross-sectional view of the interface of FIG.
152 activated to return the end effector to an articulation home
state position in accordance with certain embodiments
described herein;

FIG. 160 is a schematic block diagram outlining a response
of'a controller of the surgical instrument of FIG. 150 to a reset
input signal in accordance with certain embodiments
described herein;

FIG. 161 is a schematic block diagram outlining a response
of a controller of the surgical instrument of FIG. 150 to a
home state input signal in accordance with certain embodi-
ments described herein;

FIG. 162 is a schematic block diagram outlining a response
of a controller of the surgical instrument of FIG. 150 to a
home state input signal in accordance with certain embodi-
ments described herein;

FIG. 163 is a schematic block diagram outlining a response
of a controller of the surgical instrument of FIG. 150 to a
firing home state input signal in accordance with certain
embodiments described herein;

FIG. 164 is side elevational view of a surgical instrument
including a handle separated from a shaft according to various
embodiments described herein;

FIG. 165 is a side elevational view of a handle portion
including an interlock switch and a shaft portion including a
locking member according to various embodiments
described herein;

FIG. 166 is a partial cross-sectional view of the surgical
instrument in FIG. 150 illustrating a locking member in the
locked configuration and an open switch according to various
embodiments described herein;

FIG. 167 is a partial cross-sectional view of the surgical
instrument in FIG. 150 illustrating a locking member in the
unlocked configuration and a s closed switch depressed by the
locking member according to various embodiments
described herein;

FIG. 167A is a partial cross-sectional view of the surgical
instrument in FIG. 150 illustrating an advanced firing drive
according to various embodiments described herein;

FIG. 167B is a partial cross-sectional view of the surgical
instrument in FIG. 150 illustrating a firing drive in a retracted
or default position according to various embodiments
described herein;

FIG. 168 is a schematic block diagram outlining a response
of a controller of the surgical instrument of FIG. 150 to an
input signal in accordance with certain embodiments
described herein;
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FIG. 169 is a schematic block diagram outlining a response
of a controller of the surgical instrument of FIG. 150 to an
input signal in accordance with certain embodiments
described herein;

FIG. 170 is a bottom view of an electric motor and a
resonator according to various embodiments of the present
disclosure;

FIG. 171 is a perspective view of the resonator of FIG. 170;

FIG. 172 is a bottom view of the resonator of FIG. 170;

FIG. 173 is a partial perspective view of a handle of a
surgical instrument depicting the electric motor of FIG. 170
and a resonator positioned within the handle according to
various embodiments of the present disclosure;

FIG. 174 is a bottom view of the electric motor and the
resonator of FIG. 173;

FIG. 175 is a perspective view of the resonator of FIG. 173;

FIG. 176 is a bottom view of the resonator of FIG. 173;

FIG. 177 is a partial perspective view of the handle of FI1G.
173 depicting the electric motor of FIG. 170 and a resonator
positioned within the handle according to various embodi-
ments of the present disclosure;

FIG. 178 is a bottom view of the electric motor and the
resonator of FIG. 177,

FIG. 179 is a first perspective view of the resonator of FI1G.
177,

FIG. 180 is a second perspective view of the resonator of
FIG. 177,

FIG. 181 is a perspective view of the handle of FIG. 173,
depicting the electric motor of FIG. 170, a resonator, and a
retaining ring positioned within the handle according to vari-
ous embodiments of the present disclosure;

FIG. 182 is a flowchart of the operation of a surgical instru-
ment during a surgical procedure according to various
embodiments of the present disclosure;

FIG. 183 is an exploded perspective view of the surgical
instrument handle of FIG. 34 showing a portion of a sensor
arrangement for an absolute positioning system, according to
one embodiment;

FIG. 184 is a side elevational view of the handle of FIGS.
34 and 183 with a portion of the handle housing removed
showing a portion of a sensor arrangement for an absolute
positioning system, according to one embodiment;

FIG. 185 is a schematic diagram of an absolute positioning
system comprising a microcontroller controlled motor drive
circuit arrangement comprising a sensor arrangement,
according to one embodiment;

FIG. 186 is a detail perspective view of a sensor arrange-
ment for an absolute positioning system, according to one
embodiment;

FIG. 187 is an exploded perspective view of the sensor
arrangement for an absolute positioning system showing a
control circuit board assembly and the relative alignment of
the elements of the sensor arrangement, according to one
embodiment;

FIG. 188 is a side perspective view of the sensor arrange-
ment for an absolute positioning system showing a control
circuit board assembly, according to one embodiment;

FIG. 189 is a side perspective view of the sensor arrange-
ment for an absolute positioning system with the control
circuit board assembly removed to show a sensor element
holder assembly, according to one embodiment;

FIG. 190 is a side perspective view of the sensor arrange-
ment for an absolute positioning system with the control
circuit board and the sensor element holder assemblies
removed to show the sensor element, according to one
embodiment;
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FIG. 191 is a top view of the sensor arrangement for an
absolute positioning system shown in with the control circuit
board removed but the electronic components still visible to
show the relative position between the position sensor and the
circuit components, according to one embodiment;

FIG. 192 is a schematic diagram of one embodiment of a
position sensor for an absolute positioning system compris-
ing a magnetic rotary absolute positioning system, according
to one embodiment;

FIG. 193 illustrates an articulation joint in a straight posi-
tion, i.e., at a zero angle relative to the longitudinal direction,
according to one embodiment;

FIG. 194 illustrates the articulation joint of FIG. 193
articulated in one direction at a first angle defined between a
longitudinal axis [.-A and an articulation axis A-A, according
to one embodiment;

FIG. 195 illustrates the articulation joint of FIG. 193
articulated in another at a second angle defined between the
longitudinal axis [.-A and the articulation axis A'-A, accord-
ing to one embodiment;

FIG. 196 illustrates one embodiment of a logic diagram for
a method of compensating for the effect of splay in flexible
knife bands on transection length;

FIG. 197 is a schematic of a system for powering down an
electrical connector of a surgical instrument handle when a
shaft assembly is not coupled thereto;

FIG. 198 is a schematic illustrating a system for controlling
the speed of a motor and/or the speed of a driveable member
of a surgical instrument disclosed herein; and

FIG. 199 is a schematic illustrating another system for
controlling the speed of a motor and/or the speed of a drive-
able member of a surgical instrument disclosed herein.

Corresponding reference characters indicate correspond-
ing parts throughout the several views. The exemplifications
set out herein illustrate certain embodiments of the invention,
in one form, and such exemplifications are not to be construed
as limiting the scope of the invention in any manner.

DETAILED DESCRIPTION

Applicant of the present application owns the following
patent applications that were filed on Mar. 1, 2013 and which
are each herein incorporated by reference in their respective
entireties:

U.S. patent application Ser. No. 13/782,295, entitled
ARTICULATABLE SURGICAL INSTRUMENTS WITH
CONDUCTIVE PATHWAYS FOR SIGNAL COMMUNI-
CATION, now U.S. Patent Application Publication No. 2014/
024571,

U.S. patent application Ser. No. 13/782,323, entitled
ROTARY POWERED ARTICULATION JOINTS FOR
SURGICAL INSTRUMENTS, now U.S. Patent Application
Publication No. 2014/0246472;

U.S. patent application Ser. No. 13/782,338, entitled
THUMBWHEEL SWITCHARRANGEMENTS FOR SUR-
GICAL INSTRUMENTS, now U.S. Patent Application Pub-
lication No. 2014/0249557,

U.S. patent application Ser. No. 13/782,499, entitled
ELECTROMECHANICAL SURGICAL DEVICE WITH
SIGNAL RELAY ARRANGEMENT, now U.S. Patent
Application Publication No. 2014/0246474;

U.S. patent application Ser. No. 13/782,460, entitled
MULTIPLE PROCESSOR MOTOR CONTROL FOR
MODULAR SURGICAL INSTRUMENTS, now U.S. Patent
Application Publication No. 2014/0246478;
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U.S. patent application Ser. No. 13/782,358, entitled JOY-
STICK SWITCH ASSEMBLIES FOR SURGICAL
INSTRUMENTS, now U.S. Patent Application Publication
No. 2014/0246477,

U.S. patent application Ser. No. 13/782,481, entitled SEN-
SOR STRAIGHTENED END EFFECTOR DURING
REMOVAL THROUGH TROCAR, now U.S. Patent Appli-
cation Publication No. 2014/0246479;

U.S. patent application Ser. No. 13/782,518, entitled CON-
TROL METHODS FOR SURGICAL INSTRUMENTS
WITH REMOVABLE IMPLEMENT PORTIONS, now U.S.
Patent Application Publication No. 2014/0246475;

U.S. patent application Ser. No. 13/782,375, entitled
ROTARY POWERED SURGICAL INSTRUMENTS WITH
MULTIPLE DEGREES OF FREEDOM, now U.S. Patent
Application Publication No. 2014/0246473; and

U.S. patent application Ser. No. 13/782,536, entitled SUR-
GICAL INSTRUMENT SOFT STOP, now U.S. Patent
Application Publication No. 2014/0246476 are hereby incor-
porated by reference in their entireties.

Applicant of the present application also owns the follow-
ing patent applications that were filed on Mar. 14, 2013 and
which are each herein incorporated by reference in their
respective entireties:

U.S. patent application Ser. No. 13/803,193, entitled CON-
TROL ARRANGEMENTS FOR A DRIVE MEMBER OF A
SURGICAL INSTRUMENT, now U.S. Patent Application
Publication No. 2014/0263537,

U.S. patent application Ser. No. 13/803,053, entitled
INTERCHANGEABLE SHAFT ASSEMBLIES FOR USE
WITH A SURGICAL INSTRUMENT, now U.S. Patent
Application Publication No. 2014/0263564;

U.S. patent application Ser. No. 13/803,086, entitled
ARTICULATABLE SURGICAL INSTRUMENT COM-
PRISING AN ARTICULATION LOCK, now U.S. Patent
Application Publication No. 2014/0263541;

U.S. patent application Ser. No. 13/803,210, entitled SEN-
SOR ARRANGEMENTS FOR ABSOLUTE POSITION-
ING SYSTEM FOR SURGICAL INSTRUMENTS, now
U.S. Patent Application Publication No. 2014/0263538;

U.S. patent application Ser. No. 13/803,148, entitled
MULTI-FUNCTION MOTOR FOR A SURGICAL
INSTRUMENT, now U.S. Patent Application Publication
No. 2014/0263554;

U.S. patent application Ser. No. 13/803,066, entitled
DRIVE SYSTEM LOCKOUT ARRANGEMENTS FOR
MODULAR SURGICAL INSTRUMENTS, now U.S. Patent
Application Publication No. 2014/0263565;

U.S. patent application Ser. No. 13/803,130, entitled
DRIVE TRAIN CONTROL ARRANGEMENTS FOR
MODULAR SURGICAL INSTRUMENTS, now U.S. Patent
Application Publication No. 2014/0263543;

U.S. patent application Ser. No. 13/803,159, entitled
METHOD AND SYSTEM FOR OPERATING A SURGI-
CAL INSTRUMENT, now U.S. Patent Application Publica-
tion No. 2014/0277017; and

U.S. patent application Ser. No. 13/803,097, entitled
ARTICULATABLE SURGICAL INSTRUMENT COM-
PRISING A FIRING DRIVE, now U.S. Patent Application
Publication No. 2014/0263542.

Certain exemplary embodiments will now be described to
provide an overall understanding of the principles of the
structure, function, manufacture, and use of the devices and
methods disclosed herein. One or more examples of these
embodiments are illustrated in the accompanying drawings.
Those of ordinary skill in the art will understand that the
devices and methods specifically described herein and illus-



US 9,351,726 B2

13

trated in the accompanying drawings are non-limiting exem-
plary embodiments and that the scope of the various embodi-
ments of the present invention is defined solely by the claims.
The features illustrated or described in connection with one
exemplary embodiment may be combined with the features of
other embodiments. Such modifications and variations are
intended to be included within the scope of the present inven-
tion.

Reference throughout the specification to “‘various
embodiments,” “some embodiments,” “one embodiment,” or
“an embodiment”, or the like, means that a particular feature,
structure, or characteristic described in connection with the
embodiment is included in at least one embodiment. Thus,
appearances of the phrases “in various embodiments,” “in
some embodiments,” “in one embodiment”, or “in an
embodiment”, or the like, in places throughout the specifica-
tion are not necessarily all referring to the same embodiment.
Furthermore, the particular features, structures, or character-
istics may be combined in any suitable manner in one or more
embodiments. Thus, the particular features, structures, or
characteristics illustrated or described in connection with one
embodiment may be combined, in whole or in part, with the
features structures, or characteristics of one or more other
embodiments without limitation. Such modifications and
variations are intended to be included within the scope of the
present invention.

The terms “proximal” and “distal” are used herein with
reference to a clinician manipulating the handle portion of the
surgical instrument. The term “proximal” referring to the
portion closest to the clinician and the term “distal” referring
to the portion located away from the clinician. It will be
further appreciated that, for convenience and clarity, spatial
terms such as “vertical”, “horizontal”, “up”, and “down” may
be used herein with respect to the drawings. However, surgi-
cal instruments are used in many orientations and positions,
and these terms are not intended to be limiting and/or abso-
lute.

Various exemplary devices and methods are provided for
performing laparoscopic and minimally invasive surgical
procedures. However, the person of ordinary skill in the art
will readily appreciate that the various methods and devices
disclosed herein can be used in numerous surgical procedures
and applications including, for example, in connection with
open surgical procedures. As the present Detailed Description
proceeds, those of ordinary skill in the art will further appre-
ciate that the various instruments disclosed herein can be
inserted into a body in any way, such as through a natural
orifice, through an incision or puncture hole formed in tissue,
etc. The working portions or end effector portions of the
instruments can be inserted directly into a patient’s body or
can be inserted through an access device that has a working
channel through which the end effector and elongated shaft of
a surgical instrument can be advanced.

FIGS. 1-3 illustrate an exemplary surgical instrument 100
which can include a handle 103, a shaft 104 and an articulat-
ing end effector 102 pivotally connected to the shaft 104 at
articulation joint 110. An articulation control 112 is provided
to effect rotation of the end effector 102 about articulation
joint 110. The end effector 102 is shown configured to act as
an endocutter for clamping, severing and stapling tissue,
however, it will be appreciated that various embodiments may
include end effectors configured to act as other surgical
devices including, for example, graspers, cutters, staplers,
clip appliers, access devices, drug/gene therapy delivery
devices, ultrasound, RF, and/or laser energy devices, etc. The
handle 103 of the instrument 100 may include closure trigger
114 and firing trigger 116 for actuating the end effector 102.
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It will be appreciated that instruments having end eftectors
directed to different surgical tasks may have different num-
bers or types of triggers or other suitable controls for operat-
ing an end effector. The end effector 102 is connected to the
handle 103 by shaft 104. A clinician may articulate the end
effector 102 relative to the shaft 104 by utilizing the articu-
lation control 112, as described in greater detail further below.

It should be appreciated that spatial terms such as vertical,
horizontal, right, left etc., are given herein with reference to
the figures assuming that the longitudinal axis of the surgical
instrument 100 is co-axial to the central axis of the shaft 104,
with the triggers 114, 116 extending downwardly at an acute
angle from the bottom of the handle 103. In actual practice,
however, the surgical instrument 100 may be oriented at vari-
ous angles and as such these spatial terms are used relative to
the surgical instrument 100 itself. Further, proximal is used to
denote a perspective of a clinician who is behind the handle
103 who places the end effector 102 distal, or away from him
or herself. As used herein, the phrase, “substantially trans-
verse to the longitudinal axis” where the “longitudinal axis™ is
the axis of the shaft, refers to a direction that is nearly per-
pendicular to the longitudinal axis. It will be appreciated,
however, that directions that deviate some from perpendicular
to the longitudinal axis are also substantially transverse to the
longitudinal axis.

Various embodiments disclosed herein are directed to
instruments having an articulation joint driven by bending
cables or bands. FIGS. 4 and 5 show a cross-sectional top
view of the elongate shaft 104 and the end effector 102 includ-
ing a band 205 that is mechanically coupled to a boss 206
extending from the end effector 102. The band 205 may
include band portions 202 and 204 extending proximally
from the boss 206 along the elongate shaft 104 and through
the articulation control 112. The band 205 and band portions
202, 204 can have a fixed length. The band 205 may be
mechanically coupled to the boss 206 as shown using any
suitable fastening method including, for example, glue, weld-
ing, etc. In various embodiments, each band portion 202, 204
may be provided as a separate band, with each separate band
having one end mechanically coupled to the boss 206 and
another end extending through the shaft 104 and articulation
controller 112. The separate bands may be mechanically
coupled to the boss 206 as described above.

Further to the above, band portions 202, 204 may extend
from the boss 206, through the articulation joint 110 and
along the shaft 104 to the articulation control 112, shown in
FIG. 6. The articulation control 112 can include an articula-
tion slide 208, a frame 212 and an enclosure 218. Band
portions 202, 204 may pass through the articulation slide 208
by way of slot 210 or other aperture, although it will be
appreciated that the band portions 202, 204 may be coupled to
the slide 208 by any suitable means. The articulation slide 208
may be one piece, as shown in FIG. 6, or may include two
pieces with an interface between the two pieces defining the
slot 210. In one non-limiting embodiment, the articulation
slide 208 may include multiple slots, for example, with each
slot configured to receive one of the band portions 202, 204.
Enclosure 218 may cover the various components of the
articulation control 112 to prevent debris from entering the
articulation control 112.

Referring again to FIG. 6, the band portions 202, 204 may
be anchored to the frame 212 at connection points 214, 216,
respectively, which are proximally located from the slot 210.
It will be appreciated that band portions 202, 204 may be
anchored anywhere in the instrument 10 located proximally
from the slot 210, including the handle 103. The non-limiting
embodiment of FIG. 6 shows that the band portions 202, 204
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can comprise a bent configuration between the connection
points 214, 216 and the slot 210 located near the longitudinal
axis of the shaft 104. Other embodiments are envisioned in
which the band portions 202, 204 are straight.

FIGS. 7-9 show views of the end effector 102 and elongate
shaft 104 of the instrument 100 including the articulation
joint 110 shown in FIG. 5. FIG. 7 shows an exploded view of
the end effector 102 and elongate shaft 104 including various
internal components. In at least one embodiment, an end
effector frame 150 and shaft frame 154 are configured to be
joined at articulation joint 110. Boss 206 may be integral to
the end effector frame 150 with band 205 interfacing the boss
206 as shown. The shaft frame 154 may include a distally
directed tang 302 defining an aperture 304. The aperture 304
may be positioned to interface an articulation pin (not shown)
included in end effector frame 150 allowing the end effector
frame 150 to pivot relative to the shaft frame 154, and accord-
ingly, the end effector 102 to pivot relative to the shaft 104.
When assembled, the various components may pivot about
articulation joint 110 at an articulation axis 306 shown in
FIGS. 9 and 10.

FIG. 7 also shows an anvil 120. In this non-limiting
embodiment, the anvil 120 is coupled to an elongate channel
198. For example, apertures 199 can be defined in the elon-
gate channel 198 which can receive pins 152 extending from
the anvil 120 and allow the anvil 120 to pivot from an open
position to a closed position relative to the elongate channel
198 and staple cartridge 118. In addition, FIG. 7 shows a
firing bar 172, configured to longitudinally translate through
the shaft frame 154, through the flexible closure and pivoting
frame articulation joint 110, and through a firing slot 176 in
the distal frame 150 into the end effector 102. The firing bar
172 may be constructed from one solid section, or in various
embodiments, may include a laminate material comprising,
for example, a stack of steel plates. It will be appreciated that
a firing bar 172 made from a laminate material may lower the
force required to articulate the end effector 102. In various
embodiments, a spring clip 158 can be mounted in the end
effector frame 150 to bias the firing bar 172 downwardly.
Distal and proximal square apertures 164, 168 formed on top
of the end effector frame 150 may define a clip bar 170
therebetween that receives a top arm 162 of a clip spring 158
whose lower, distally extended arm 160 asserts a downward
force on araised portion 174 of the firing bar 172, as discussed
below.

A distally projecting end of the firing bar 172 can be
attached to an E-beam 178 that can, among other things, assist
in spacing the anvil 120 from a staple cartridge 118 positioned
in the elongate channel 198 when the anvil 120 is in a closed
position. The E-beam 178 can also include a sharpened cut-
ting edge 182 which can be used to sever tissue as the E-beam
178 is advanced distally by the firing bar 172. In operation,
the E-beam 178 can also actuate, or fire, the staple cartridge
118. The staple cartridge 118 can include a molded cartridge
body 194 that holds a plurality of staples 191 resting upon
staple drivers 192 within respective upwardly open staple
cavities 195. A wedge sled 190 is driven distally by the
E-beam 178, sliding upon a cartridge tray 196 that holds
together the various components of the replaceable staple
cartridge 118. The wedge sled 190 upwardly cams the staple
drivers 192 to force out the staples 191 into deforming contact
with the anvil 120 while a cutting surface 182 of the E-beam
178 severs clamped tissue.

Further to the above, the E-beam 178 can include upper
pins 180 which engage the anvil 120 during firing. The
E-beam 178 can further include middle pins 184 and a bottom
foot 186 which can engage various portions of the cartridge

25

40

45

55

16

body 194, cartridge tray 196 and elongate channel 198. When
a staple cartridge 118 is positioned within the elongate chan-
nel 198, a slot 193 defined in the cartridge body 194 can be
aligned with a slot 197 defined in the cartridge tray 196 and a
slot 189 defined in the elongate channel 198. In use, the
E-beam 178 can slide through the aligned slots 193,197, and
189 wherein, as indicated in FIG. 7, the bottom foot 186 ofthe
E-beam 178 can engage a groove running along the bottom
surface of channel 198 along the length of slot 189, the middle
pins 184 can engage the top surfaces of cartridge tray 196
along the length of longitudinal slot 197, and the upper pins
180 can engage the anvil 120. In such circumstances, the
E-beam 178 can space, or limit the relative movement
between, the anvil 120 and the staple cartridge 118 as the
firing bar 172 is moved distally to fire the staples from the
staple cartridge 118 and/or incise the tissue captured between
the anvil 120 and the staple cartridge 118. Thereafter, the
firing bar 172 and the E-beam 178 can be retracted proximally
allowing the anvil 120 to be opened to release the two stapled
and severed tissue portions (not shown).

FIGS. 7-9 also show a double pivot closure sleeve assem-
bly 121 according to various embodiments. With particular
reference to FIG. 7, the double pivot closure sleeve assembly
121 includes a shaft closure tube section 128 having upper
and lower distally projecting tangs 146, 148. An end effector
closure tube section 126 includes a horseshoe aperture 124
and a tab 123 for engaging the opening tab 122 on the anvil
120. The horseshoe aperture 124 and tab 123 engage tab 122
when the anvil 120 is opened. The closure tube section 126 is
shown having upper 144 and lower (not visible) proximally
projecting tangs. An upper double pivot link 130 includes
upwardly projecting distal and proximal pivot pins 134, 136
that engage respectively an upper distal pin hole 138 in the
upper proximally projecting tang 144 and an upper proximal
pin hole 140 in the upper distally projecting tang 146. A lower
double pivot link 132 includes downwardly projecting distal
and proximal pivot pins (not shown in FIG. 7, but see FIG. 8)
that engage respectively a lower distal pin hole in the lower
proximally projecting tang and a lower proximal pin hole 142
in the lower distally projecting tang 148.

In use, the closure sleeve assembly 121 is translated dis-
tally to close the anvil 120, for example, in response to the
actuation ofthe closure trigger 114. The anvil 120 is closed by
distally translating the closure tube section 126, and thus the
sleeve assembly 121, causing it to strike a proximal surface on
the anvil 120 located in FIG. 7 to the left of the tab 122. As
shown more clearly in FIGS. 7 and 8, the anvil 120 is opened
by proximally translating the tube section 126, and sleeve
assembly 121, causing tab 123 and the horseshoe aperture
124 to contact and push against the tab 122 to lift the anvil
120. In the anvil-open position, the double pivot closure
sleeve assembly 121 is moved to its proximal position.

In operation, the clinician may articulate the end effector
102 of the instrument 100 relative to the shaft 104 about pivot
110 by pushing the control 112 laterally. From the neutral
position, the clinician may articulate the end effector 102 to
the left relative to the shaft 104 by providing a lateral force to
the left side of the control 112. In response to force, the
articulation slide 208 may be pushed at least partially into the
frame 212. As the slide 208 is pushed into the frame 212, the
slot 210 as well as band portion 204 may be translated across
the elongate shaft 104 in a transverse direction, for example,
a direction substantially transverse, or perpendicular, to the
longitudinal axis of the shaft 104. Accordingly, a force is
applied to band portion 204, causing it to resiliently bend
and/or displace from its initial pre-bent position toward the
opposite side of the shaft 104. Concurrently, band portion 202
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is relaxed from its initial pre-bent position. Such movement of
the band portion 204, coupled with the straightening of band
portion 202, can apply a counter-clockwise rotational force at
boss 206 which in turn causes the boss 206 and end effector
102 to pivot to the left about the articulation pivot 110 to a
desired angle relative to the axis of the shaft 104 as shown in
FIG. 12. The relaxation of the band portion 202 decreases the
tension on that band portion, allowing the band portion 204 to
articulate the end effector 102 without substantial interfer-
ence from the band portion 202. It will be appreciated that the
clinician may also articulate the end effector 102 to the right
relative to the shaft 104 by providing a lateral force to the right
side of the control 112. This bends cable portion 202, causing
a clockwise rotational force at boss 206 which, in turn, causes
the boss 206 and end effector to pivot to the right about
articulation pivot 110. Similar to the above, band portion 204
can be concurrently relaxed to permit such movement.

FIGS. 12 and 13 depict a motor-driven surgical cutting and
fastening instrument 310. This illustrated embodiment
depicts an endoscopic instrument and, in general, the instru-
ment 310 is described herein as an endoscopic surgical cut-
ting and fastening instrument; however, it should be noted
that the invention is not so limited and that, according to other
embodiments, any instrument disclosed herein may comprise
a non-endoscopic surgical cutting and fastening instrument.
The surgical instrument 310 depicted in FIGS. 12 and 13
comprises a handle 306, a shaft 308, and an end effector 312
connected to the shaft 308. In various embodiments, the end
effector 312 can be articulated relative to the shaft 308 about
an articulation joint 314. Various means for articulating the
end effector 312 and/or means for permitting the end effector
312 to articulate relative to the shaft 308 are disclosed in U.S.
Pat. No. 7,753,245, entitled SURGICAL STAPLING
INSTRUMENTS, which issued on Jul. 13, 2010, and U.S.
Pat. No. 7,670,334, entitled SURGICAL INSTRUMENT
HAVING AN ARTICULATING END EFFECTOR, which
issued on Mar. 2, 2010, the entire disclosures of which are
incorporated by reference herein. Various other means for
articulating the end effector 312 are discussed in greater detail
below. Similar to the above, the end effector 312 is configured
to act as an endocutter for clamping, severing, and/or stapling
tissue, although, in other embodiments, different types of end
effectors may be used, such as end effectors for other types of
surgical devices, graspers, cutters, staplers, clip appliers,
access devices, drug/gene therapy devices, ultrasound, RF
and/or laser devices, etc. Several RF devices may be found in
U.S. Pat. No. 5,403,312, entitled ELECTROSURGICAL
HEMOSTATIC DEVICE, which issued on Apr. 4, 1995, and
U.S. patent application Ser. No. 12/031,573, entitled SURGI-
CAL CUTTING AND FASTENING INSTRUMENT HAV-
ING RF ELECTRODES, filed Feb. 14, 2008, the entire dis-
closures of which are incorporated by reference in their
entirety.

It will be appreciated that the terms “proximal” and “dis-
tal” are used herein with reference to a clinician gripping the
handle 306 of the instrument 310. Thus, the end effector 312
is distal with respect to the more proximal handle 306. It will
be further appreciated that, for convenience and clarity, spa-
tial terms such as “vertical” and “horizontal” are used herein
with respect to the drawings. However, surgical instruments
are used in many orientations and positions, and these terms
are not intended to be limiting and absolute.

The end effector 312 can include, among other things, a
staple channel 322 and a pivotally translatable clamping
member, such as an anvil 324, for example. The handle 306 of
the instrument 310 may include a closure trigger 318 and a
firing trigger 320 for actuating the end effector 312. It will be

10

15

20

25

30

35

40

45

50

55

60

65

18

appreciated that instruments having end effectors directed to
different surgical tasks may have different numbers or types
of triggers or other suitable controls for operating the end
effector 312. The handle 306 can include a downwardly
extending pistol grip 326 toward which the closure trigger
318 is pivotally drawn by the clinician to cause clamping or
closing of the anvil 324 toward the staple channel 322 of the
end effector 312 to thereby clamp tissue positioned between
the anvil 324 and channel 322. In other embodiments, differ-
ent types of clamping members in addition to or lieu of the
anvil 324 could be used. The handle 306 can further include a
lock which can be configured to releasably hold the closure
trigger 318 in its closed position. More details regarding
embodiments of an exemplary closure system for closing (or
clamping) the anvil 324 of the end effector 312 by retracting
the closure trigger 318 are provided in U.S. Pat. No. 7,000,
818, entitled SURGICAL STAPLING INSTRUMENT HAV-
ING SEPARATE DISTINCT CLOSING AND FIRING
SYSTEMS, which issued on Feb. 21, 2006, U.S. Pat. No.
7,422,139, entitled MOTOR-DRIVEN SURGICAL CUT-
TING AND FASTENING INSTRUMENT WITH TACTILE
POSITION FEEDBACK, which issued on Sep. 9, 2008, and
U.S. Pat. No. 7,464,849, entitled ELECTRO-MECHANI-
CAL SURGICAL INSTRUMENT WITH CLOSURE SYS-
TEM AND ANVIL ALIGNMENT COMPONENTS, which
issued on Dec. 16, 2008, the entire disclosures of which are
incorporated by reference herein.

Once the clinician is satisfied with the positioning of the
end effector 312, the clinician may draw back the closure
trigger 318 to its fully closed, locked position proximate to
the pistol grip 326. The firing trigger 320 may then be actu-
ated, or fired. In at least one such embodiment, the firing
trigger 320 can be farther outboard of the closure trigger 318
wherein the closure of the closure trigger 318 can move, or
rotate, the firing trigger 320 toward the pistol grip 326 so that
the firing trigger 320 can be reached by the operator using one
hand. in various circumstances. Thereafter, the operator may
pivotally draw the firing trigger 320 toward the pistol grip 312
to cause the stapling and severing of clamped tissue in the end
effector 312. Thereafter, the firing trigger 320 can be returned
to its unactuated, or unfired, position (shown in FIGS. 1and 2)
after the clinician relaxes or releases the force being applied
to the firing trigger 320. A release button on the handle 306,
when depressed, may release the locked closure trigger 318.
The release button may be implemented in various forms such
as, for example, those disclosed in published U.S. Patent
Application Pub. No. 2007/0175955, entitled SURGICAL
CUTTING AND FASTENING INSTRUMENT WITH
CLOSURE TRIGGER LOCKING MECHANISM, which
was filed on Jan. 31, 2006, the entire disclosure of which is
incorporated herein by reference in its entirety.

Further to the above, the end effector 312 may include a
cutting instrument, such as knife, for example, for cutting
tissue clamped in the end effector 312 when the firing trigger
320 is retracted by a user. Also further to the above, the end
effector 312 may also comprise means for fastening the tissue
severed by the cutting instrument, such as staples, RF elec-
trodes, and/or adhesives, for example. A longitudinally mov-
able drive shaft located within the shaft 308 of the instrument
310 may drive/actuate the cutting instrument and the fasten-
ing means in the end effector 312. An electric motor, located
in the handle 306 of the instrument 310 may be used to drive
the drive shaft, as described further herein. In various embodi-
ments, the motor may be a DC brushed driving motor having
a maximum rotation of, approximately, 25,000 RPM, for
example. In other embodiments, the motor may include a
brushless motor, a cordless motor, a synchronous motor, a
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stepper motor, or any other suitable electric motor. A battery
(or “power source” or “power pack™), such as a Li ion battery,
for example, may be provided in the pistol grip portion 26 of
the handle 6 adjacent to the motor wherein the battery can
supply electric power to the motor via a motor control circuit.
According to various embodiments, a number of battery cells
connected in series may be used as the power source to power
the motor. In addition, the power source may be replaceable
and/or rechargeable.

As outlined above, the electric motor in the handle 306 of
the instrument 310 can be operably engaged with the longi-
tudinally-movable drive member positioned within the shaft
308. Referring now to FIGS. 14-16, an electric motor 342 can
be mounted to and positioned within the pistol grip portion
326 of the handle 306. The electric motor 342 can include a
rotatable shaft operably coupled with a gear reducer assembly
370 wherein the gear reducer assembly 370 can include,
among other things, a housing 374 and an output pinion gear
372. In certain embodiments, the output pinion gear 372 can
be directly operably engaged with a longitudinally-movable
drive member 382 or, alternatively, operably engaged with the
drive member 382 via one or more intermediate gears 386.
The intermediate gear 386, in at least one such embodiment,
can be meshingly engaged with a set, or rack, of drive teeth
384 defined in the drive member 382. In use, the electric
motor 342 can be drive the drive member distally, indicated
by an arrow D (FIG. 15), and/or proximally, indicated by an
arrow D (FIG. 16), depending on the direction in which the
electric motor 342 rotates the intermediate gear 386. Inuse, a
voltage polarity provided by the battery can operate the elec-
tric motor 342 in a clockwise direction wherein the voltage
polarity applied to the electric motor by the battery can be
reversed in order to operate the electric motor 342 in a
counter-clockwise direction. The handle 306 can include a
switch which can be configured to reverse the polarity applied
to the electric motor 342 by the battery. The handle 306 can
also include a sensor 330 configured to detect the position of
the drive member 382 and/or the direction in which the drive
member 382 is being moved.

As indicated above, the surgical instrument 310 can
include an articulation joint 314 about which the end effector
312 can be articulated. The instrument 310 can further
include an articulation lock which can be configured and
operated to selectively lock the end effector 312 in position.
In at least one such embodiment, the articulation lock can
extend from the proximal end of the shaft 308 to the distal end
of the shaft 308 wherein a distal end of the articulation lock
can engage the end effector 312 to lock the end effector 312 in
position. Referring again to FIGS. 12 and 13, the instrument
310 can further include an articulation control 316 which can
be engaged with a proximal end of the articulation lock and
can be configured to operate the articulation lock between a
locked state and an unlocked state. In use, the articulation
control 316 can be pulled proximally to unlock the end effec-
tor 312 and permit the end effector 312 to rotate about the
articulation joint 314. After the end effector 312 has been
suitably articulated, the articulation control 316 can be moved
distally to re-lock the end effector 312 in position. In at least
one such embodiment, the handle 306 can further include a
spring and/or other suitable biasing elements configured to
bias the articulation control 316 distally and to bias the articu-
lation lock into a locked configuration with the end effector
312. If the clinician desires, the clinician can once again pull
the articulation control 316 back, or proximally, to unlock the
end effector 312, articulate the end effector 312, and then
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move the articulation control 316 back into its locked state. In
such a locked state, the end effector 312 may not articulate
relative to the shaft 308.

As outlined above, the surgical instrument 310 can include
an articulation lock configured to hold the end effector 312 in
position relative to the shaft 308. As also outlined above, the
end effector 312 can be rotated, or articulated, relative to the
shaft 308 when the articulation lock is in its unlocked state. In
such an unlocked state, the end effector 312 can be positioned
and pushed against soft tissue and/or bone, for example,
surrounding the surgical site within the patient in order to
cause the end effector 312 to articulate relative to the shaft
308. In certain embodiments, the articulation control 316 can
comprise an articulation switch or can be configured to oper-
ate an articulation switch which can selectively permit and/or
prevent the firing trigger 320 from operating the electric
motor 342. For instance, such an articulation switch can be
placed in series with the electric motor 342 and a firing switch
operably associated with the firing trigger 320 wherein the
articulation switch can be in a closed state when the articula-
tion control 316 is in a locked state. When the articulation
control 316 is moved into an unlocked state, the articulation
control 316 can open the articulation switch thereby electri-
cally decoupling the operation of the firing trigger 320 and the
operation of the electric motor 342. In such circumstances,
the firing drive of the instrument 310 cannot be fired while the
end effector 312 is in an unlocked state and is articulatable
relative to the shaft 308. When the articulation control 316 is
returned to its locked state, the articulation control 316 can
re-close the articulation switch which can then electrically
couple the operation of the firing trigger 320 with the electric
motor 342. Various details of one or more surgical stapling
instruments are disclosed in U.S. patent application Ser. No.
12/647,100, entitled MOTOR-DRIVEN SURGICAL CUT-
TING INSTRUMENT WITH ELECTRIC ACTUATOR
DIRECTIONAL CONTROL ASSEMBLY, which issued on
Jul. 17,2012 as U.S. Pat. No. 8,220,688, the entire disclosure
of which is incorporated by reference herein.

Turning now to FIGS. 17-29, a surgical instrument 400 can
comprise a handle 403, a shaft 404 extending from the handle
403, and an end effector 402 extending from the shaft 404. As
the reader will note, portions of the handle 403 have been
removed for the purposes of illustration; however, the handle
403 can include a closure trigger and a firing trigger similar to
the closure trigger 114 and the firing trigger 116 depicted in
FIG. 1, for example. As will be described in greater detail
below, the firing trigger 116 can be operably coupled with a
firing drive including a firing member 470 extending through
the shaft 404 wherein the operation of the firing trigger 116
can advance the firing member 470 distally toward the end
effector 402. As will also be described in greater detail below,
the surgical instrument 400 can further include an articulation
drive which can be selectively coupled with the firing member
470 such that, when the firing member 470 is motivated by the
firing trigger 116 and/or by a separate articulation trigger
and/or button, for example, the articulation drive can be
driven by the firing member 470 and the articulation drive
can, in turn, articulate the end effector 402 about an articula-
tion joint 410.

Turning now to FIG. 17, the reader will note that the end
effector 402 of the surgical instrument 400 is illustrated in an
open configuration. More particularly, a first jaw of the end
effector 402 comprising an anvil 420 is illustrated in an open
position relative to a channel 498 of a second jaw of the end
effector 402. Similar to the above, the channel 498 can be
configured to receive and secure a staple cartridge therein.
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Turning now to FIG. 20 which also illustrates the end effector
420 in an open configuration, the handle 403 of the surgical
instrument 400 can include an articulation lock actuator 409
which can be moved between a distal, or locked, position in
which the end effector 402 is locked in position relative to the
shaft 404 and a proximal, or unlocked, position in which the
end effector 402 can be articulated relative to the shaft 404
about the articulation joint 410. Although the end effector 402
and the shaft 404 are illustrated in FIG. 20 as being aligned in
a straight configuration, the articulation lock actuator 409 is
illustrated in its retracted, unlocked position and, as a result,
the end effector 402 can be articulated relative to the shaft
404. Referring to FIGS. 19, 24A and 24B, the articulation
lock actuator 409 (FIG. 21) can be operably coupled with an
articulation lock 443 wherein the articulation lock actuator
409 can move the articulation lock 443 between a distal
position (FIG. 24A) in which the articulation lock 443 is
engaged with a proximal lock member 407 of the end effector
402 and a proximal position (FIG. 24B) in which the articu-
lation lock 443 is disengaged from the end effector 402. As
the reader will appreciate, the distal, locked, position of the
articulation lock actuator 409 corresponds with the distal
position of the articulation lock 443 and the proximal,
unlocked, position of the articulation lock actuator 409 cor-
responds with the proximal position of the articulation lock
443. Turning now to FIG. 19, the articulation lock 443 is
coupled to the articulation lock actuator 409 by an articula-
tion lock bar 440 which comprises a distal end 442 engaged
with the articulation lock 443, as better seen in FIG. 24 A, and
a proximal end 441 engaged with the articulation lock actua-
tor 409, as better seen in FIG. 22. As illustrated in FIGS. 24A
and 24B, the articulation lock 443 can comprise one or more
teeth 445 which can be configured to meshingly engage one
or more teeth 446 defined around the perimeter of the proxi-
mal lock member 407, for example. Referring primarily to
FIG. 19, the shaft 404 can further comprise a biasing member,
such as a spring 444, for example, which can be configured to
bias the teeth 445 of the articulation lock 443 into engagement
with the teeth 446 of the proximal lock member 407 of the end
effector 402. Similarly, the handle 403 can further comprise a
biasing member positioned within the cavity 488 (FIG. 23)
defined between the articulation lock actuator 409 and the
frame 480 such that the biasing member can push the articu-
lation lock actuator 409 towards its distal, locked, position.
As illustrated in FIG. 17, the articulation lock actuator 409
can be comprised of two nozzle halves, or portions, 411a and
4115 wherein, as the reader will note, the nozzle portion 4115
has been removed from FIGS. 18-27 for the purposes of
illustration. As also illustrated in FIG. 17, the articulation lock
actuator 409 can comprise a plurality of finger hooks 413
which can be grasped by the surgeon, or other clinician, in
order to retract the articulation lock actuator 409 into its
proximal, unlocked, configuration. The articulation lock
actuator 409, referring again to FIG. 20, can further include a
detent assembly 452 which can be configured to bias a detent
member 457 against the frame of the shaft 404 or the frame of
the handle 403. More particularly, the shaft 404 can comprise
a shaft frame 454 extending from a handle frame 480 wherein
the detent assembly 452 can be configured to bias the detent
member 457 against the shaft frame 454. Referring to FIG.
19, the shaft frame 454 can include a detent channel 453
defined therein which can be aligned with the detent member
457 such that, as the articulation lock actuator 409 is slid
between its locked and unlocked positions described above,
the detent member 457 can slide within the detent channel
453. The detent assembly 452, referring again to FIG. 20, can
include a stationary frame portion 458 which can define a
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threaded aperture configured to receive an adjustable
threaded member 459. The adjustable threaded member 459
can include an internal aperture wherein at least a portion of
the detent member 457 can be positioned within the internal
aperture and wherein the detent member 457 can be biased to
the end of the internal aperture by a spring, for example,
positioned intermediate the detent member 457 and a closed
end of the internal aperture, for example. As illustrated in
FIG. 19, the proximal end of the detent channel 453 can
comprise a detent seat 455 which can be configured to remov-
ably receive the detent member 457 when the articulation
lock actuator 409 has reached its proximal, unlocked, posi-
tion. In various circumstances, the detent member 457, the
detent seat 455, and the biasing spring positioned in the
adjustable threaded member 459 can be sized and configured
such that the detent assembly 452 can releasably hold the
articulation lock actuator 409 in its proximal, unlocked, posi-
tion. As described in greater detail below, the articulation lock
actuator 409 can be held in its proximal, unlocked, position
until the end effector 402 has been suitably articulated. At
such point, the articulation lock actuator 409 can be pushed
forward to disengage the detent member 457 from the detent
seat 455. As the reader will appreciate, referring primarily to
FIG. 20, the adjustable threaded member 459 can be rotated
downwardly toward the shaft frame 454 in order to increase
the force needed to unseat the detent member 457 from the
detent seat 455 while the adjustable threaded member 459 can
be rotated upwardly away from the shaft frame 454 in order to
decrease the force needed to unseat the detent member 457
from the detent seat 455. As also illustrated in FIG. 20, the
articulation lock actuator 409 can comprise an access port
418 which can be utilized to access and rotate the threaded
member 459.

As discussed above, the articulation lock actuator 409 is in
aretracted, unlocked, position in FIG. 20 and the end effector
402 is in an unlocked configuration, as illustrated in FIG.
24B. Referring now to FIGS. 19 and 20, the surgical instru-
ment 400 further comprises an articulation driver 460 which
can be pushed distally to rotate the end effector 402 about the
articulation joint 410 in a first direction and pulled proximally
to rotate the end effector 402 about the articulation joint in a
second, or opposite, direction, as illustrated in FIG. 21. Upon
comparing FIGS. 20 and 21, the reader will note that the
articulation driver 460 has been pulled proximally by the
firing member 470. More specifically, an intermediate portion
475 of the firing member 470 can comprise a notch, or slot,
476 defined therein which can be configured to receive a
proximal end 461 of the articulation driver 460 such that,
when the firing member 470 is pulled proximally, the firing
member 470 can pull the articulation driver 460 proximally as
well. Similarly, when the firing member 470 is pushed dis-
tally, the firing member 470 can push the articulation driver
460 distally. As also illustrated in FIGS. 20 and 21, the articu-
lation driver 460 can comprise a distal end 462 engaged with
a projection 414 extending from the proximal lock member
407, for example, which can be configured to transmit the
proximal and distal articulation motions of the articulation
driver 460 to the end effector 102. Referring primarily to
FIGS. 18-20, the handle 404 can further comprise a proximal
firing member portion 482 of the firing member 470 including
a distal end 481 engaged with a proximal end 477 of the
intermediate portion 475 of the firing member 470. Similar to
the above, the handle 403 can include an electric motor com-
prising an output shaft and a gear operably engaged with the
output shaft wherein the gear can be operably engaged with a
longitudinal set of teeth 484 defined in a surface of the firing
member portion 482. In use, further to the above, the electric
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motor can be operated in a first direction to advance the firing
member 470 distally and a second, or opposite, direction to
retract the firing member 470 proximally. Although not illus-
trated, the handle 403 can further comprise a switch which
can be positioned in a first condition to operate the electric
motor in its first direction, a second condition to operate the
electric motor in its second direction, and/or a neutral condi-
tion in which the electric motor is not operated in either
direction. In at least one such embodiment, the switch can
include at least one biasing member, such as a spring, for
example, which can be configured to bias the switch into its
neutral condition, for example. Also, in at least one such
embodiment, the first condition of the articulation switch can
comprise a first position of a switch toggle on a first side of a
neutral position and the second condition of the articulation
switch can comprise a second position ofthe switch toggle on
a second, or opposite, side of the neutral position, for
example.

In various circumstances, further to the above, the articu-
lation switch can be used to make small adjustments in the
position of the end effector 402. For instance, the surgeon can
move the articulation switch in a first direction to rotate the
end eftector 402 about the articulation joint in a first direction
and then reverse the movement of the end effector 402 by
moving the articulation switch in the second direction, and/or
any other suitable combinations of movements in the first and
second directions, until the end effector 402 is positioned in a
desired position. Referring primarily to FIGS. 19, 24A, and
24B, the articulation joint 410 can include a pivot pin 405
extending from a shaft frame member 451 and, in addition, an
aperture 408 defined in the proximal lock member 407 which
is configured to closely receive the pivot pin 405 therein such
that the rotation of the end effector 402 is constrained to
rotation about an articulation axis 406, for example. Refer-
ring primarily to FIG. 19, the distal end of the shaft frame 454
can include a recess 456 configured to receive the shaft frame
member 451 therein. As will be described in greater detail
below, the shaft 404 can include an outer sleeve which can be
slid relative to the shaft frame 454 in order to close the anvil
420. Referring primarily to FIGS. 19-21, the outer sleeve of
the shaft 410 can comprise a proximal portion 428 and a distal
portion 426 which can be connected to one another by articu-
lation links 430 and 432. When the outer sleeve is slid relative
to the articulation joint 410, the articulation links 430 can
accommodate the angled relative movement between the dis-
tal portion 426 and the proximal portion 428 of the outer
sleeve when the end effector 402 has been articulated, as
illustrated in FIG. 21. In various circumstances, the articula-
tion links 430 and 432 can provide two or more degrees of
freedom at the articulation joint 410 in order to accommodate
the articulation of the end effector 402. The reader will also
note that the articulation joint 410 can further include a guide
401 which can be configured to receive a distal cutting portion
472 of the firing member 470 therein and guide the distal
cutting portion 472 as it is advanced distally and/or retracted
proximally within and/or relative to the articulation joint 410.

As outlined above, the firing member 470 can be advanced
distally in order to advance the articulation driver 460 distally
and, as a result, rotate the end effector 402 in a first direction
and, similarly, the firing member 470 can be retracted proxi-
mally in order to retract the articulation driver 460 proximally
and, as a result, rotate the end effector 402 in an opposite
direction. In some circumstances, however, it may be unde-
sirable to move, or at least substantially move, the distal
cutting portion 472 of the firing member 470 when the firing
member 470 is being utilized to articulate the end effector
402. Turning now to FIGS. 19-21, the intermediate portion
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475 of the firing member 470 can comprise a longitudinal slot
474 defined in the distal end thereof which can be configured
to receive the proximal end 473 of the distal cutting portion
472. The longitudinal slot 474 and the proximal end 473 can
be sized and configured to permit relative movement therebe-
tween and can comprise a slip joint 471. The slip joint 471 can
permit the intermediate portion 475 of the firing drive 470 to
be moved to articulate the end effector 402 without moving,
or at least substantially moving, the distal cutting portion 472.
Once the end effector 402 has been suitably oriented, the
intermediate portion 475 can be advanced distally until a
proximal sidewall of the longitudinal slot 474 comes into
contact with the proximal end 473 in order to advance the
distal cutting portion 472 and fire the staple cartridge posi-
tioned within the channel 498, as described in greater detail
further below. Referring primarily to FIG. 19, the shaft frame
454 can comprise a longitudinal slot 469 defined therein
which can be configured to slidably receive the articulation
driver 460 and, similarly, the proximal portion 428 of the
outer shaft sleeve can comprise a longitudinal opening 425
configured to accommodate the relative movement between
the articulation driver 460 and the outer sleeve of the shaft 404
described above.

Further to the above, the articulation lock actuator 409 can
be configured to bias the proximal portion 461 of the articu-
lation driver 460 toward the drive member 470 when the
articulation lock actuator 409 is in its proximal, unlocked,
position. More particularly, in at least one such embodiment,
the inner surface of the articulation lock actuator 409 can
comprise a cam which can engage a lateral side 466 of the
proximal portion 461 and bias the proximal portion 461 into
engagement with the slot 476 defined in the intermediate
portion 475 of the drive member 470. When the articulation
lock actuator 409 is moved back into its distal, locked, posi-
tion, the articulation lock actuator 409 may no longer bias the
proximal portion 461 inwardly toward the drive member 470.
In at least one such embodiment, the handle 403 and/or the
shaft 404 can comprise a resilient member, such as a spring,
for example, which can be configured to bias the proximal
portion 461 outwardly away from the firing member 470 such
that the proximal portion 461 is not operably engaged with the
slot 476 unless the biasing force of the resilient member is
overcome by the articulation lock actuator 409 when the
articulation lock actuator 409 is moved proximally into its
unlocked position, as described above. In various circum-
stances, the proximal portion 461 and the slot 476 can com-
prise a force-limiting clutch.

Once the end effector 402 has been articulated into the
desired orientation, further to the above, the closure trigger
114 can be actuated to move the anvil 420 toward its closed
position, as illustrated in FIG. 22. More particularly, the clo-
sure trigger 114 can advance the outer sleeve of the shaft 410
distally such that the distal portion 426 of the outer sleeve can
push the anvil 420 distally and downwardly, for example. The
anvil 420 can comprise projections 497 extending from oppo-
site sides of the anvil 420 which can each be configured to
slide and rotate within elongate slots 499 defined in the car-
tridge channel 498. The anvil 420 can further comprise a
projection 496 extending upwardly therefrom which can be
positioned within an aperture 495 defined in the distal portion
426 of the outer sleeve wherein a sidewall of the aperture 495
can contact the projection 496 as the distal portion 426 is
advanced distally to move the anvil 420 toward the cartridge
channel 498. The actuation of the closure drive, further to the
above, can also move the articulation lock actuator 409 from
its proximal, unlocked, position (FIGS. 20-22) into its distal,
locked, position (FIG. 23). More specifically, the closure
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drive can be configured to advance a closure drive carriage
415 distally which can contact a collar 450 mounted within
the articulation actuator 409, as illustrated in FIG. 22. As
illustrated in FIGS. 19 and 22, the collar 450 can comprise
opposing portions, or halves, which can be assembled
together such that the opposing portions of the collar 450 can
surround the shaft 404. The collar 450 can also support the
detent assembly 452, which is discussed above, and can
include a mounting portion engaged with the proximal end
441 of the articulation lock bar 440, which is also discussed
above. In any event, the closure drive carriage 415 can contact
the collar 450 and slide the articulation lock actuator 409
distally and, further to the above, displace the detent member
457 from the detent seat 455, referring to FIG. 19, into the
detent channel 453 such that the articulation lock actuator 409
can be pushed into its locked position and the articulation lock
443 can be moved into engagement with the proximal lock
portion 407 to lock the end effector 402 in position, as illus-
trated in FIG. 23. At such point, the closure drive carriage 415
can prevent the end effector 402 from being unlocked and
articulated until the closure drive and the anvil 420 is
reopened and the closure drive carriage 415 is moved proxi-
mally, as described in greater detail further below.

Referring now to FIG. 25, the actuation of the closure drive
by the closure drive actuator 114 and the distal advancement
of the outer sleeve 428 of the shaft 410 can also operably
disengage the articulation driver 460 from the firing drive
470. Upon reviewing FIGS. 20 and 21 once again, the reader
will note that the outer sleeve 428 includes a window 424
defined therein within which a rotatable cam member 465 can
be positioned. The cam member 465 can comprise a first end
rotatably pinned or coupled to the shaft frame 454 and a
second end configured to rotate relative to the pinned end of
the cam member 465 while, in other embodiments, the cam
member 465 can comprise any suitable shape. When the outer
sleeve 428 is in its proximal position and the anvil 420 is in its
open configuration, the cam member 465 can be in a first
position which permits the proximal end 461 of the articula-
tion driver 460 to be engaged with the slot 476 defined in the
firing member 470; however, when the outer sleeve 428 is
advanced distally, a sidewall of the window 424 can engage
the cam member 465 and lift the second end of the cam
member 465 away from the shaft frame 454 into a second
position. In this second position, the cam member 465 can
move the proximal end 461 of the articulation driver 460
away from the firing drive 470 such that the proximal end 461
is no longer positioned within the slot 476 defined in the firing
drive 470. Thus, when the closure drive has been actuated to
close the anvil 420, the closure drive can push the articulation
lock actuator 409 into its distal, locked, configuration, the
articulation lock actuator 409 can push the articulation lock
445 into alocked configuration with the end effector 402, and,
in addition, the closure drive can operably disconnect the
articulation driver 460 from the firing drive 470. At such point
in the operation of the surgical instrument 400, the actuation
of'the firing drive 470 will not articulate the end eftector 402
and the firing drive 470 can move independently of the articu-
lation driver 460.

Turning now to FIG. 26, as mentioned above, the firing
drive 470 can be advanced distally to eject staples from a
staple cartridge positioned within the channel 498 of the end
effector 402 and to deform the staples against the anvil 420.
As outlined above, the firing drive 470 can further comprise a
cutting member which can be configured to transect the tissue
captured within the end effector 402. As also mentioned
above, the electric motor within the handle 403 can be oper-
ated by the firing actuator 116 in order to advance the firing
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member 470 distally wherein, in various circumstances, the
electric motor can be operated until the distal cutting portion
472 of the firing member 470 reaches the distal end of the
staple cartridge and/or any other suitable position within the
staple cartridge. In any event, the rotation of the electric motor
can be reversed to retract the firing member 470 proximally,
asillustrated in FIG. 27. In various circumstances, the electric
motor can retract the proximal drive portion 482 and the
intermediate portion 475 until the distal sidewall of the lon-
gitudinal slot 474 defined in the intermediate portion 475
comes into contact with the proximal end 473 of the distal
cutting member 472. At such point, the further retraction of
the proximal drive portion 482 and the intermediate portion
475 will retract the distal cutting member 472 proximally. In
various circumstances, the electric motor can be operated
until the slot 476 defined in the intermediate portion 475 of
the firing member 470 is realigned with the proximal portion
461 of the articulation driver 460; however, as the closure
sleeve 428 is still in a distally advanced position, the cam
member 465 may still be biasing the articulation driver 460
out of engagement with the firing member 470. In order to
permit the articulation driver 460 to be re-engaged with the
firing member 470, in such circumstances, the closure drive
would have to be re-opened to bring the window 424 defined
in the outer sleeve portion 428 into alignment with the cam
member 465 such that the cam member 465 can be pivoted
inwardly toward the shaft frame 454 into its first position. In
various circumstances, the articulation driver 460 can be
resiliently flexed out of engagement with the firing member
470 such that, when the cam member 465 is permitted to
move back into its first position, the articulation driver 460
can resiliently flex inwardly toward the shaft frame 454 to
re-engage the proximal portion 461 of the articulation driver
460 with the slot 476 defined in the intermediate portion 475
of'the drive member 470. In various embodiments, the surgi-
cal instrument 400 can further comprise a biasing member
which can be configured to bias the proximal portion 461
back into engagement with the intermediate portion 475.

The reader will note that the intermediate portion 475 of the
firing member 470 has been retracted proximally in FIG. 27
such that the slot 476 defined in the intermediate portion 475
is positioned proximally with respect to the proximal portion
461 of the articulation driver 460. In such circumstances, as a
result, the proximal portion 461 may not be operably re-
connected to the firing member 470 until the intermediate
portion 475 is advanced distally to align the slot 476 with the
proximal portion 461. Such circumstances may arise as a
result of the relative slip between the intermediation portion
475 and the cutting member portion 472 of the firing member
470 created by the slip joint 471 which can be addressed by
momentarily re-actuating the electric motor in the first direc-
tion, for example.

Referring again to FIG. 27, the firing member 470 may be
in a retracted or reset position, however, the closure drive is
still in an actuated, or closed, configuration which can prevent
the anvil 420 from being re-opened and the end eftector 402
from being re-articulated. When the closure drive is released,
referring now to FIG. 28, the closure drive carriage 415 can be
retracted into a proximal position in which the closure sleeve
including portions 426 and 428 are pulled proximally as well.
Referring again to FIG. 19, the proximal sleeve portion 428
can include a proximal end 417 which can be engaged with
the closure drive carriage 415 such that the proximal sleeve
portion 428 and the closure drive carriage 415 move together
in the distal direction and/or the proximal direction. In any
event, further to the above, the proximal movement of the
distal sleeve portion 426 can cause the distal sidewall of the
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aperture 495 to engage the projection 496 extending from the
anvil 420 in order to pivot the anvil 420 into its open position,
as illustrated in FIG. 29. Furthermore, the proximal move-
ment of the closure drive carriage 415 can unlock the articu-
lation lock actuator 409 such that the articulation lock actua-
tor 409 can be moved into is proximal, unlocked, position
which can, as a result, pull the articulation lock 443 proxi-
mally to compress the spring 444 and unlock the end effector
402. As described above, the end effector 402 can be then
articulated about the articulation joint 410 and the operation
of the surgical instrument 400 described above can be
repeated. Referring primarily to FIGS. 18-20, the handle 404
can further comprise a switch 408 mounted to the handle
frame 480 which can be configured to detect whether the
articulation lock actuator 409 is in its proximal, unlocked,
position. In some embodiments, the switch 408 can be oper-
ably coupled with an indicator in the handle 404, such as light,
for example, which can indicate to the operator of the surgical
instrument 400 that the end effector 402 is in an unlocked
condition and that the operator may utilize the articulation
switch to articulate the end effector 402, for example.

As described above in connection with the embodiment of
FIG. 17, the surgical instrument 400 can comprise an articu-
lation lock system configured to lock and unlock the end
effector 402 and a closure drive configured to open and close
the anvil 420 of the end effector 402. Although these two
systems of the surgical instrument 400 interact in several
respects, which are described above, the systems can be actu-
ated independently of one another in other respects. For
instance, the articulation lock actuator 409 and the end effec-
tor lock 443 can be actuated without closing the anvil 420. In
this embodiment of the surgical instrument 400, the closure
drive is operated independently to close the anvil 420. Turn-
ing now to FIGS. 30-32, the surgical instrument 400 can
include an alternate arrangement in which the closure drive is
actuated to, one, close the anvil 420 and, two, lock the end
effector 402 in position. Referring primarily to FIGS. 31 and
32, the shaft 404 can comprise an articulation lock bar 540
which can be moved between a proximal, unlocked, position
(FIG. 31) in which the end effector 402 can be articulated
about the articulation joint 410 and a distal, locked, position
(FIG. 32) in which the end effector 402 can be locked in
position. Similar to the articulation lock bar 440, the articu-
lation lock bar 540 can include a distal end 542 which is
operably engaged with the articulation lock 443 such that,
when the articulation lock bar 540 is pulled proximally, the
articulation lock 443 can be pulled proximally. Similarly,
when the articulation lock bar 540 is pushed distally, the
articulation lock 443 can be pushed distally as well. In con-
trast to the articulation lock bar 440 which is pushed distally
and pulled proximally by the articulation lock actuator 409, as
described above, the articulation lock bar 540 can be pushed
distally and pulled proximally by the closure sleeve 428.
More particularly, the proximal end 541 of the articulation
lock bar 540 can comprise a hook 547 which, when the
closure sleeve 428 is pulled proximally, can catch a portion of
the closure sleeve 428 and be pulled proximally with the
closure sleeve 428. In such circumstances, the sleeve 428 can
pull the articulation lock bar 540 into an unlocked condition.
As the reader will note, the closure sleeve 428 can include a
window 549 within which the proximal end 541 of the articu-
lation lock bar 540 can be positioned. When the closure sleeve
428 is pushed distally, further to the above, a proximal side-
wall 548 of the window 549 can contact the proximal end 541
and push the articulation lock bar 540 and the articulation
lock 443 distally in order to lock the end effector 402 in
position.
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As described herein, it may be desirable to employ surgical
systems and devices that may include reusable portions that
are configured to be used with interchangeable surgical com-
ponents. Referring to FIG. 33, for example, there is shown a
surgical system, generally designated as 1000, that, in at least
one form, comprises a surgical instrument 1010 that may or
may not be reused. The surgical instrument 1010 can be
employed with a plurality of interchangeable shaft assem-
blies 1200, 1200', 1200". The interchangeable shaft assem-
blies 1200, 1200', 1200" may have a surgical end effector
1300, 1300, 1300" operably coupled thereto that is config-
ured to perform one or more surgical tasks or procedures. For
example, each of the surgical end effectors 1300, 1300,
1300" may comprise a surgical cutting and fastening device
that is configured to operably support a surgical staple car-
tridge therein. Each of the shaft assemblies may employ end
effectors that are adapted to support different sizes and types
of staple cartridges, have different shaft lengths, sizes, and
types, etc. While the present Figures illustrate end effectors
that are configured to cut and staple tissue, various aspects of
the surgical system 1000 may also be effectively employed
with surgical instruments that are configured to apply other
motions and forms of energy such as, for example, radio
frequency (RF) energy, ultrasonic energy and/or motion, to
interchangeable shaft-mounted end effector arrangements
that are used in various surgical applications and procedures.
Furthermore, the end effectors, shaft assemblies, handles,
surgical instruments, and/or surgical instrument systems can
utilize any suitable fastener, or fasteners, to fasten tissue. For
instance, a fastener cartridge comprising a plurality of fasten-
ers removably stored therein can be removably inserted into
and/or attached to the end effector of a shaft assembly. In
various circumstances, a shaft assembly can be selected to be
attached to a handle of a surgical instrument and a fastener
cartridge can be selected to be attached to the shaft assembly.

The surgical instrument 1010 depicted in the FIG. 33 com-
prises a housing 1040 that consists of a handle 1042 that is
configured to be grasped, manipulated and actuated by the
clinician. As the present Detailed Description proceeds, how-
ever, it will be understood that the various unique and novel
arrangements of the various forms of interchangeable shaft
assemblies disclosed herein may also be -effectively
employed in connection with robotically-controlled surgical
systems. Thus, the term “housing” may also encompass a
housing or similar portion of a robotic system that houses or
otherwise operably supports at least one drive system that is
configured to generate and apply at least one control motion
which could be used to actuate the interchangeable shaft
assemblies disclosed herein and their respective equivalents.
The term “frame” may refer to a portion of a handheld surgi-
calinstrument. The term “frame” may also represent a portion
of a robotically controlled surgical instrument and/or a por-
tion of the robotic system that may be used to operably control
a surgical instrument. For example, the interchangeable shaft
assemblies disclosed herein may be employed with various
robotic systems, instruments, components and methods dis-
closed in U.S. Pat. No. 9,072,535. U.S. patent application Ser.
No. 13/118,241, entitled SURGICAL STAPLING INSTRU-
MENTS WITH ROTATABLE STAPLE DEPLOYMENT
ARRANGEMENTS, which issued on Jul. 7, 2015 as U.S.
Pat. No. 9,072,535, is incorporated by reference herein in its
entirety.

FIG. 34 illustrates the surgical instrument 1010 with an
interchangeable shaft assembly 1200 operably coupled
thereto. In the illustrated form, the surgical instrument
includes a handle 1042. In at least one form, the handle 1042
may comprise a pair of interconnectable housing segments
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1044, 1046 that may be interconnected by screws, snap fea-
tures, adhesive, etc. See FIG. 35. In the illustrated arrange-
ment, the handle housing segments 1044, 1046 cooperate to
form a pistol grip portion 1048 that can be gripped and
manipulated by the clinician. As will be discussed in further
detail below, the handle 1042 operably supports a plurality of
drive systems therein that are configured to generate and
apply various control motions to corresponding portions of
the interchangeable shaft assembly that is operably attached
thereto.

The handle 1042 may further include a frame 1080 that
operably supports a plurality of drive systems. For example,
the frame 1080 can operably support a first or closure drive
system, generally designated as 1050, which may be
employed to apply a closing and opening motions to the
interchangeable shaft assembly 1200 that is operably
attached or coupled thereto. In at least one form, the closure
drive system 1050 may include an actuator in the form of a
closure trigger 1052 that is pivotally supported by the frame
1080. More specifically, as illustrated in FIG. 35, the closure
trigger 1052 may be pivotally supported by frame 1080 such
that when the clinician grips the pistol grip portion 1048 of the
handle 1042, the closure trigger 1052 may be easily pivoted
from a starting or unactuated position to an actuated position
and more particularly to a fully compressed or fully actuated
position. The closure trigger 1052 may be biased into the
unactuated position by spring or other biasing arrangement
(not shown). In various forms, the closure drive system 1050
further includes a closure linkage assembly 1060 that is piv-
otally coupled to the closure trigger 1052. As can be seen in
FIG. 35, the closure linkage assembly 1060 may include a
closure trigger 1052 that is pivotally coupled to a closure link
1064 that has a pair of laterally extending attachment lugs or
portions 1066 protruding therefrom. The closure link 1064
may also be referred to herein as an “attachment member”.

Still referring to FIG. 35, it can be observed that the closure
trigger 1052 may have a locking wall 1068 thereon that is
configured to cooperate with a closure release assembly 1070
that is pivotally coupled to the frame 1080. In at least one
form, the closure release assembly 1070 may comprise a
release button assembly 1072 that has a distally protruding
cam follower arm 1074 formed thereon. The release button
assembly 1072 may be pivoted in a counterclockwise direc-
tion by a release spring 1076. As the clinician depresses the
closure trigger 1052 from its unactuated position towards the
pistol grip portion 1048 of the handle 1042, the closure link
1062 pivots upward to a point wherein the cam follower arm
1072 drops into retaining engagement with the locking wall
1068 on the closure link 1062 thereby preventing the closure
trigger 1052 from returning to the unactuated position. Thus,
the closure release assembly 1070 serves to lock the closure
trigger 1052 in the fully actuated position. When the clinician
desires to unlock the closure trigger 1052 to permit it to be
biased to the unactuated position, the clinician simply pivots
the closure release button assembly 1072 such that the cam
follower arm 1074 is moved out of engagement with the
locking wall 1068 on the closure trigger 1052. When the cam
follower arm 1074 has been moved out of engagement with
the closure trigger 1052, the closure trigger 1052 may pivot
back to the unactuated position. Other closure trigger locking
and release arrangements may also be employed.

In at least one form, the handle 1042 and the frame 1080
may operably support another drive system referred to herein
as firing drive system 1100 that is configured to apply firing
motions to corresponding portions of the interchangeable
shaft assembly attached thereto. The firing drive system may
also be referred to herein as a “second drive system”. The
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firing drive system 1100 may employ an electric motor 1102,
located in the pistol grip portion 1048 of the handle 1042. In
various forms, the motor 1102 may be a DC brushed driving
motor having a maximum rotation of, approximately, 25,000
RPM, for example. In other arrangements, the motor may
include a brushless motor, a cordless motor, a synchronous
motor, a stepper motor, or any other suitable electric motor. A
battery 1104 (or “power source” or “power pack™), such as a
Li ion battery, for example, may be coupled to the handle
1042 to supply power to a control circuit board assembly
1106 and ultimately to the motor 1102. FIG. 34 illustrates a
battery pack housing 1104 that is configured to be releasably
mounted to the handle 1042 for supplying control power to
the surgical instrument 1010. A number of battery cells con-
nected in series may be used as the power source to power the
motor. In addition, the power source may be replaceable
and/or rechargeable.

As outlined above with respect to other various forms, the
electric motor 1102 can include a rotatable shaft (not shown)
that operably interfaces with a gear reducer assembly 1108
that is mounted in meshing engagement with a with a set, or
rack, of drive teeth 1112 on a longitudinally-movable drive
member 1110. In use, a voltage polarity provided by the
battery can operate the electric motor 1102 in a clockwise
direction wherein the voltage polarity applied to the electric
motor by the battery can be reversed in order to operate the
electric motor 1102 in a counter-clockwise direction. When
the electric motor 1102 is rotated in one direction, the drive
member 1110 will be axially driven in the distal direction
“D”. When the motor 1102 is driven in the opposite rotary
direction, the drive member 1110 will be axially driven in a
proximal direction “P”. See, for example, FIG. 35. The handle
1042 can include a switch which can be configured to reverse
the polarity applied to the electric motor 1102 by the battery.
As with the other forms described herein, the handle 1042 can
also include a sensor that is configured to detect the position
of the drive member 1110 and/or the direction in which the
drive member 1110 is being moved.

Actuation of the motor 1102 can be controlled by a firing
trigger 1120 that is pivotally supported on the handle 1042.
The firing trigger 1120 may be pivoted between an unactuated
position and an actuated position. The firing trigger 1120 may
be biased into the unactuated position by a spring (not shown)
or other biasing arrangement such that when the clinician
releases the firing trigger 1120, it may be pivoted or otherwise
returned to the unactuated position by the spring or biasing
arrangement. In at least one form, the firing trigger 1120 can
be positioned “outboard” of the closure trigger 1052 as was
discussed above. In at least one form, a firing trigger safety
button 1122 may be pivotally mounted to the closure trigger
1052. As can be seen in FIGS. 35 and 36, for example, the
safety button 1122 may be positioned between the firing
trigger 1120 and the closure trigger 1052 and have a pivot arm
1124 protruding therefrom. As shown in FIG. 38, when the
closure trigger 1052 is in the unactuated position, the safety
button 1122 is contained in the handle housing where the
clinician cannot readily access it and move it between a safety
position preventing actuation of the firing trigger 1120 and a
firing position wherein the firing trigger 1120 may be fired. As
the clinician depresses the closure trigger 1052, the safety
button 1122 and the firing trigger 1120 pivot down wherein
they can then be manipulated by the clinician.

As indicated above, in at least one form, the longitudinally
movable drive member 1110 has a rack of teeth 1112 formed
thereon for meshing engagement with a corresponding drive
gear 1114 of the gear reducer assembly 1108. At least one
form may also include a manually-actuatable “bailout”
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assembly 1130 that is configured to enable the clinician to
manually retract the longitudinally movable drive member
1110 should the motor become disabled. The bailout assem-
bly 1130 may include a lever or bailout handle assembly 1132
that is configured to be manually pivoted into ratcheting
engagement with the teeth 1112 in the drive member 1110.
Thus, the clinician can manually retract the drive member
1110 by using the bailout handle assembly 1132 to ratchet the
drive member in the proximal direction “P”. U.S. Pat. No.
8,608,045 discloses bailout arrangements and other compo-
nents, arrangements and systems that may also be employed
with the various instruments disclosed herein. U.S. patent
application Ser. No. 12/249,117, entitled POWERED SUR-
GICAL CUTTING AND STAPLING APPARATUS WITH
MANUALLY RETRACTABLE FIRING SYSTEM, which
issued on Dec. 17, 2013 as U.S. Pat. No. 8,608,045, is incor-
porated by reference in its entirety.

FIGS. 34 and 37 illustrate one form of interchangeable
shaft assembly 1200 that has, for example, a surgical end
effector 1300 operably attached thereto. The end effector
1300 as illustrated in those Figures may be configured to cut
and staple tissue in the various manners disclosed herein. For
example, the end effector 1300 may include a channel 1302
that is configured to support a surgical staple cartridge 1304.
The staple cartridge 1304 may comprise a removable staple
cartridge 1304 such that it may be replaced when spent.
However, the staple cartridge in other arrangements may be
configured such that once installed within the channel 1302,
it is not intended to be removed therefrom. The channel 1032
and staple cartridge 1304 may be collectively referred to as a
“first jaw portion” of the end effector 1300. In various forms,
the end effector 1300 may have a “second jaw portion”, in the
form of an anvil 1310, that is movably or pivotally supported
on the channel 1302 in the various manners discussed herein.

The interchangeable shaft assembly 1200 may further
include a shaft 1210 that includes a shaft frame 1212 that is
coupled to a shaft attachment module or shaft attachment
portion 1220. In at least one form, a proximal end 1214 of the
shaft frame 1212 may extend through a hollow collar portion
1222 formed on the shaft attachment module 1220 and be
rotatably attached thereto. For example, an annular groove
1216 may be provided in the proximal end 1214 of the shaft
frame 1212 for engagement with a U-shaped retainer 1226
that extends through a slot 1224 in the shaft attachment mod-
ule 1220. Such arrangement enables the shaft frame 1212 to
be rotated relative to the shaft attachment module 1220.

The shaft assembly 1200 may further comprise a hollow
outer sleeve or closure tube 1250 through which the shaft
frame 1212 extends. The outer sleeve 1250 may also be
referred to herein as a “first shaft” and/or a “first shaft assem-
bly”. The outer sleeve 1250 has a proximal end 1252 that is
adapted to be rotatably coupled to a closure tube attachment
yoke 1260. As can be seen in FIG. 37, the proximal end 1252
of the outer sleeve 1250 is configured to be received within a
cradle 1262 in the closure tube attachment yoke 1260. A
U-shaped connector 1266 extends through a slot 1264 in the
closure tube attachment yoke 1260 to be received in an annu-
lar groove 1254 in the proximal end 1252 of the outer sleeve
1250. Such arrangement serves to rotatably couple the outer
sleeve 1250 to the closure tube attachment yoke 1260 such
that the outer sleeve 1250 may rotate relative thereto.

As can be seen in FIGS. 38 and 39, the proximal end 1214
of'the shaft frame 1214 protrudes proximally out of the proxi-
mal end 1252 of'the outer sleeve 1250 and is rotatably coupled
to the shaft attachment module 1220 by the U-shaped retainer
1226 (shown in FIG. 38). The closure tube attachment yoke
1260 is configured to be slidably received within a passage
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1268 in the shaft attachment module 1220. Such arrangement
permits the outer sleeve 1250 to be axially moved in the
proximal direction “P” and the distal direction “D” on the
shaft frame 1212 relative to the shaft attachment module 1220
as will be discussed in further detail below.

In at least one form, the interchangeable shaft assembly
1200 may further include an articulation joint 1350. Other
interchangeable shaft assemblies, however, may not be
capable of articulation. As can be seen in FIG. 37, for
example, the articulation joint 1350 includes a double pivot
closure sleeve assembly 1352. According to various forms,
the double pivot closure sleeve assembly 1352 includes a
shaft closure sleeve assembly 1354 having upper and lower
distally projecting tangs 1356, 1358. An end effector closure
sleeve assembly 1354 includes a horseshoe aperture 1360 and
a tab 1362 for engaging an opening tab on the anvil 1310 in
the manner described above. As described above, the horse-
shoe aperture 1360 and tab 1362 engage the anvil tab when
the anvil 1310 is opened. An upper double pivot link 1364
includes upwardly projecting distal and proximal pivot pins
that engage respectively an upper distal pin hole in the upper
proximally projecting tang 1356 and an upper proximal pin
hole in an upper distally projecting tang 1256 on the outer
sleeve 1250. A lower double pivot link 1366 includes down-
wardly projecting distal and proximal pivot pins that engage
respectively a lower distal pin hole in the lower proximally
projecting tang 1358 and a lower proximal pin hole in the
lower distally projecting tang 1258.

In use, the closure sleeve assembly 1354 is translated dis-
tally (direction “D”) to close the anvil 1310, for example, in
response to the actuation of the closure trigger 1052. The
anvil 1310 is closed by distally translating the outer sleeve
1250, and thus the shaft closure sleeve assembly 1354, caus-
ing it to strike a proximal surface on the anvil 1310 in the
manner described above. As was also described above, the
anvil 1310 is opened by proximally translating the outer
sleeve 1250 and the shaft closure sleeve assembly 1354, caus-
ing tab 1362 and the horseshoe aperture 1360 to contact and
push against the anvil tab to lift the anvil 1310. In the anvil-
open position, the shaft closure sleeve assembly 1352 is
moved to its proximal position.

In at least one form, the interchangeable shaft assembly
1200 further includes a firing member 1270 that is supported
for axial travel within the shaft frame 1212. The firing mem-
ber 1270 includes an intermediate firing shaft portion 1272
that is configured for attachment to a distal cutting portion
1280. The firing member 1270 may also be referred to herein
as a “second shaft” and/or a “second shaft assembly”. As can
be seen in FIG. 37, the intermediate firing shaft portion 1272
may include a longitudinal slot 1274 in the distal end thereof
which can be configured to receive the proximal end 1282 of
the distal cutting portion 1280. The longitudinal slot 1274 and
the proximal end 1282 can be sized and configured to permit
relative movement therebetween and can comprise a slip joint
1276. The slip joint 1276 can permit the intermediate firing
shaft portion 1272 of the firing drive 1270 to be moved to
articulate the end effector 1300 without moving, or at least
substantially moving, the distal cutting portion 1280. Once
the end effector 1300 has been suitably oriented, the interme-
diate firing shaft portion 1272 can be advanced distally until
a proximal sidewall of the longitudinal slot 1272 comes into
contact with the proximal end 1282 in order to advance the
distal cutting portion 1280 and fire the staple cartridge posi-
tioned within the channel 1302, as described herein. As can be
further seen in FIG. 37, the shaft frame 1212 has an elongate
opening or window 1213 therein to facilitate assembly and
insertion of the intermediate firing shaft portion 1272 into the
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shaft frame 1212. Once the intermediate firing shaft portion
1272 has been inserted therein, a top frame segment 1215
may be engaged with the shaft frame 1212 to enclose the
intermediate firing shaft portion 1272 and distal cutting por-
tion 1280 therein. The reader will also note that the articula-
tion joint 1350 can further include a guide 1368 which can be
configured to receive the distal cutting portion 1280 of the
firing member 1270 therein and guide the distal cutting por-
tion 1280 as it is advanced distally and/or retracted proxi-
mally within and/or relative to the articulation joint 1350.

As can be seen in FIG. 37, the shaft attachment module
1220 may further include a latch actuator assembly 1230 that
may be removably attached to the shaft attachment module by
cap screws (not shown) or other suitable fasteners. The latch
actuator assembly 1230 is configured to cooperate with a lock
yoke 1240 that is pivotally coupled to the shaft attachment
module 1220 for selective pivotal travel relative thereto. See
FIG. 41. Referring to FIG. 39, the lock yoke 1240 may
include two proximally protruding lock lugs 1242 (FIG. 37)
that are configured for releasable engagement with corre-
sponding lock detents or grooves 1086 formed in a frame
attachment module portion 1084 of the frame 1080 as will be
discussed in further detail below. The lock yoke 1240 is
substantially U-shaped and is installed over the latch actuator
assembly 1230 after the latch actuator assembly 1230 has
been coupled to the shaft attachment module 1220. The latch
actuator assembly 1230 may have an arcuate body portion
1234 that provides sufficient clearance for the lock yoke 1240
to pivot relative thereto between latched and unlatched posi-
tions.

In various forms, the lock yoke 1240 is biased in the proxi-
mal direction by spring or biasing member (not shown).
Stated another way, the lock yoke 1240 is biased into the
latched position (FIG. 40) and can be pivoted to an unlatched
position (FIG. 41) by a latch button 1236 that is movably
supported on the latch actuator assembly 1230. In at least one
arrangement, for example, the latch button 1236 is slidably
retained within a latch housing portion 1235 and is biased in
the proximal direction “P” by a latch spring or biasing mem-
ber (not shown). As will be discussed in further detail below,
the latch button 1236 has a distally protruding release lug
1237 that is designed to engage the lock yoke 1240 and pivot
it from the latched position to the unlatched position shown in
FIG. 41 upon actuation of the latch button 1236.

The interchangeable shaft assembly 1200 may further
include a nozzle assembly 1290 that is rotatably supported on
the shaft attachment module 1220. In at least one form, for
example, the nozzle assembly 1290 can be comprised of two
nozzle halves, or portions, 1292, 1294 that may be intercon-
nected by screws, snap features, adhesive, etc. When mounted
on the shaft attachment module 1220, the nozzle assembly
1290 may interface with the outer sleeve 1250 and shaft frame
1212 to enable the clinician to selectively rotate the shaft
1210 relative to the shaft attachment module 1220 about a
shaft axis SA-SA which may be defined for example, the axis
of the firing member assembly 1270. In particular, a portion
of the nozzle assembly 1290 may extend through a window
1253 in the outer sleeve to engage a notch 1218 in the shaft
frame 1212. See FIG. 37. Thus, rotation of the nozzle assem-
bly 1290 will result in rotation of the shaft frame 1212 and
outer sleeve 1250 about axis A-A relative to the shaft attach-
ment module 1220.

Referring now to FIGS. 42 and 43, the reader will observe
that the frame attachment module portion 1084 of the frame
1080 is formed with two inwardly facing dovetail receiving
slots 1088. Each dovetail receiving slot 1088 may be tapered
or, stated another way, be somewhat V-shaped. See, for
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example, FIGS. 36 and 38 (only one of the slots 1088 is
shown). The dovetail receiving slots 1088 are configured to
releasably receive corresponding tapered attachment or lug
portions 1229 of a proximally-extending connector portion
1228 of the shaft attachment module 1220. As can be further
seen in FIGS. 37-39, a shaft attachment lug 1278 is formed on
the proximal end 1277 of the intermediate firing shaft 1272.
As will be discussed in further detail below, when the inter-
changeable shaft assembly 1200 is coupled to the handle
1042, the shaft attachment lug 1278 is received in a firing
shaft attachment cradle 1113 formed in the distal end 1111 of
the longitudinal drive member 1110. Also, the closure tube
attachment yoke 1260 includes a proximally-extending yoke
portion 1265 that includes two capture slots 1267 that open
downwardly to capture the attachment lugs 1066 on the clo-
sure attachment bar 1064.

Attachment of the interchangeable shaft assembly 1220 to
the handle 1042 will now be described with reference to
FIGS. 44-48. In various forms, the frame 1080 or at least one
of the drive systems define an actuation axis AA-AA. For
example, the actuation axis AA-AA may be defined by the
axis of the longitudinally-movable drive member 1110. As
such, when the intermediate firing shaft 1272 is operably
coupled to the longitudinally movable drive member 1110,
the actuation axis AA-AA is coaxial with the shaft axis SA-
SA as shown in FIG. 48.

To commence the coupling process, the clinician may posi-
tion the shaft attachment module 1220 of the interchangeable
shaft assembly 1200 above or adjacent to the frame attach-
ment module portion 1084 of the frame 1080 such that the
attachment lugs 1229 formed on the connector portion 1228
of the shaft attachment module 1220 are aligned with the
dovetail slots 1088 in the attachment module portion 1084 as
shown in FIG. 45. The clinician may then move the shaft
attachment module 1220 along an installation axis IA-IA that
is substantially transverse to the actuation axis AA-AA.
Stated another way, the shaft attachment module 1220 is
moved in an installation direction “ID” that is substantially
transverse to the actuation axis AA-AA until the attachment
lugs 1229 of the connector portion 1228 are seated in “oper-
able engagement” with the corresponding dovetail receiving
slots 1088. See FIGS. 44 and 46. FIG. 47 illustrates the
position of the shaft attachment module 1220 prior to the shaft
attachment lug 1278 on the intermediate firing shaft 1272
entering the cradle 1113 in the longitudinally movable drive
member 1110 and the attachment lugs 1066 on the closure
attachment bar 1064 entering the corresponding slots 1267 in
the yoke portion 1265 of the closure tube attachment yoke
1260. FIG. 48 illustrates the position of the shaft attachment
module 1220 after the attachment process has been com-
pleted. As can be seen in that Figure, the lugs 1066 (only one
is shown) are seated in operable engagement in their respec-
tive slots 1267 in the yoke portion 1265 of the closure tube
attachment yoke 1260. As used herein, the term “operable
engagement” in the context of two components means that the
two components are sufficiently engaged with each other so
that upon application of an actuation motion thereto, the
components may carry out their intended action, function
and/or procedure.

As discussed above, referring again to FIGS. 44-49, at least
five systems of the interchangeable shaft assembly 1200 can
be operably coupled with at least five corresponding systems
of the handle 1042. A first system can comprise a frame
system which couples and/or aligns the frame of the shaft
assembly 1200 with the frame of the handle 1042. As outlined
above, the connector portion 1228 of the shaft assembly 1200
can be engaged with the attachment module portion 1084 of
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the handle frame 1080. A second system can comprise a
closure drive system which can operably connect the closure
trigger 1052 of the handle 1042 and the closure tube 1250 and
the anvil 1310 of the shaft assembly 1200. As outlined above,
the closure tube attachment yoke 1260 of the shaft assembly
1200 can be engaged with the attachment lugs 1066 of the
handle 1042. A third system can comprise a firing drive sys-
tem which can operably connect the firing trigger 1120 of the
handle 1042 with the intermediate firing shaft 1272 of the
shaft assembly 1200. As outlined above, the shaft attachment
lug 1278 can be operably connected with the cradle 1113 of
the longitudinal drive member 1110. A fourth system can
comprise an electrical system which can, one, signal to a
controller in the handle 1042, such as microcontroller 7004,
for example, that a shaft assembly, such as shaft assembly
1200, for example, has been operably engaged with the
handle 1042 and/or, two, conduct power and/or communica-
tion signals between the shaft assembly 1200 and the handle
1042. For instance, the shaft assembly 1200 can include six
electrical contacts and the electrical connector 4000 can also
include six electrical contacts wherein each electrical contact
on the shaft assembly 1200 can be paired and mated with an
electrical contact on the electrical connector 4000 when the
shaft assembly 1200 is assembled to the handle 1042. The
shaft assembly 1200 can also include a latch 1236 which can
be part of a fifth system, such as a lock system, which can
releasably lock the shaft assembly 1200 to the handle 1042. In
various circumstances, the latch 1236 can close a circuit in the
handle 1042, for example, when the latch 1236 is engaged
with the handle 1042.

Further to the above, the frame system, the closure drive
system, the firing drive system, and the electrical system of
the shaft assembly 1200 can be assembled to the correspond-
ing systems of the handle 1042 in a transverse direction, i.e.,
along axis IA-IA, for example. In various circumstances, the
frame system, the closure drive system, and the firing drive
system of the shaft assembly 1200 can be simultaneously
coupled to the corresponding systems of the handle 1042. In
certain circumstances, two of the frame system, the closure
drive system, and the firing drive system of the shaft assembly
1200 can be simultaneously coupled to the corresponding
systems of the handle 1042. In at least one circumstance, the
frame system can be at least initially coupled before the
closure drive system and the firing drive system are coupled.
In such circumstances, the frame system can be configured to
align the corresponding components of the closure drive sys-
tem and the firing drive system before they are coupled as
outlined above. In various circumstances, the electrical sys-
tem portions of the housing assembly 1200 and the handle
1042 can be configured to be coupled at the same time that the
frame system, the closure drive system, and/or the firing drive
system are finally, or fully, seated. In certain circumstances,
the electrical system portions of the housing assembly 1200
and the handle 1042 can be configured to be coupled before
the frame system, the closure drive system, and/or the firing
drive system are finally, or fully, seated. In some circum-
stances, the electrical system portions of the housing assem-
bly 1200 and the handle 1042 can be configured to be coupled
after the frame system has been at least partially coupled, but
before the closure drive system and/or the firing drive system
are have been coupled. In various circumstances, the locking
system can be configured such that it is the last system to be
engaged, i.e., after the frame system, the closure drive system,
the firing drive system, and the electrical system have all been
engaged.

As outlined above, referring again to FIGS. 44-49, the
electrical connector 4000 of the handle 1042 can comprise a
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plurality of electrical contacts. Turning now to FIG. 197, the
electrical connector 4000 can comprise a first contact 4001a,
a second contact 40015, a third contact 4001c¢, a fourth con-
tact 40014, a fifth contact 4001e, and a sixth contact 4001f; for
example. While the illustrated embodiment utilizes six con-
tacts, other embodiments are envisioned which may utilize
more than six contacts or less than six contacts. As illustrated
in FIG. 197, the first contact 4001a can be in electrical com-
munication with a transistor 4008, contacts 40015-4001e can
be in electrical communication with a microcontroller 7004,
and the sixth contact 40017 can be in electrical communica-
tion with a ground. Microcontroller 7004 is discussed in
greater detail further below. In certain circumstances, one or
more of the electrical contacts 40015-4001¢ may be in elec-
trical communication with one or more output channels of the
microcontroller 7004 and can be energized, or have a voltage
potential applied thereto, when the handle 1042 is in a pow-
ered state. In some circumstances, one or more of the electri-
cal contacts 40015-4001¢ may be in electrical communica-
tion with one or more input channels of the microcontroller
7004 and, when the handle 1042 is in a powered state, the
microcontroller 7004 can be configured to detect when a
voltage potential is applied to such electrical contacts. When
a shaft assembly, such as shaft assembly 1200, for example, is
assembled to the handle 1042, the electrical contacts 4001a-
4001/ may not communicate with each other. When a shaft
assembly is not assembled to the handle 1042, however, the
electrical contacts 4001a-4001f of the electrical connector
4000 may be exposed and, in some circumstances, one or
more of the contacts 4001a-4001/ may be accidentally placed
in electrical communication with each other. Such circum-
stances can arise when one or more of the contacts 4001a-
4001fcome into contact with an electrically conductive mate-
rial, for example. When this occurs, the microcontroller 7004
can receive an erroneous input and/or the shaft assembly 1200
can receive an erroneous output, for example. To address this
issue, in various circumstances, the handle 1042 may be
unpowered when a shaft assembly, such as shaft assembly
1200, for example, is not attached to the handle 1042. In other
circumstances, the handle 1042 can be powered when a shaft
assembly, such as shaft assembly 1200, for example, is not
attached thereto. In such circumstances, the microcontroller
7004 can be configured to ignore inputs, or voltage potentials,
applied to the contacts in electrical communication with the
microcontroller 7004, ie., contacts 40015-4001e, for
example, until a shaft assembly is attached to the handle 1042.
Even though the microcontroller 7004 may be supplied with
power to operate other functionalities of the handle 1042 in
such circumstances, the handle 1042 may be in a powered-
down state. In a way, the electrical connector 4000 may be in
a powered-down state as voltage potentials applied to the
electrical contacts 40015-4001e may not affect the operation
of the handle 1042. The reader will appreciate that, even
though contacts 40015-4001e¢ may be in a powered-down
state, the electrical contacts 4001a and 4001/, which are not in
electrical communication with the microcontroller 7004, may
or may not be in a powered-down state. For instance, sixth
contact 4001 may remain in electrical communication with a
ground regardless of whether the handle 1042 is in a powered-
up or a powered-down state. Furthermore, the transistor 4008,
and/or any other suitable arrangement of transistors, such as
transistor 4010, for example, and/or switches may be config-
ured to control the supply of power from a power source 4004,
such as a battery 1104 within the handle 1042, for example, to
the first electrical contact 4001a regardless of whether the
handle 1042 is in a powered-up or a powered-down state as
outlined above. In various circumstances, the latch 1236 of
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the shaft assembly 1200, for example, can be configured to
change the state of the transistor 4008 when the latch 1236 is
engaged with the handle 1042. In various circumstances, as
described elsewhere herein, the latch 1236 can be configured
to close a circuit when it engages the handle 1042 and, as a
result, affect the state of the transistor 4008. In certain cir-
cumstances, further to the below, a Hall effect sensor 4002
can be configured to switch the state of transistor 4010 which,
as a result, can switch the state of transistor 4008 and ulti-
mately supply power from power source 4004 to first contact
4001qa. In this way, further to the above, both the power
circuits and the signal circuits to the connector 4000 can be
powered down when a shaft assembly is not installed to the
handle 1042 and powered up when a shaft assembly is
installed to the handle 1042.

In various circumstances, referring again to FIG. 197, the
handle 1042 can include the Hall effect sensor 4002, for
example, which can be configured to detect a detectable ele-
ment, such as a magnetic element, for example, on a shaft
assembly, such as shaft assembly 1200, for example, when
the shaft assembly is coupled to the handle 1042. The Hall
effect sensor 4002 can be powered by a power source 4006,
such as a battery, for example, which can, in effect, amplity
the detection signal of the Hall effect sensor 4002 and com-
municate with an input channel of the microcontroller 7004
via the circuit illustrated in FIG. 197. Once the microcontrol-
ler 7004 has a received an input indicating that a shaft assem-
bly has been at least partially coupled to the handle 1042, and
that, as a result, the electrical contacts 4001a-4001f are no
longer exposed, the microcontroller 7004 can enter into its
normal, or powered-up, operating state. In such an operating
state, the microcontroller 7004 will evaluate the signals trans-
mitted to one or more of the contacts 400156-4001¢ from the
shaft assembly and/or transmit signals to the shaft assembly
through one or more of the contacts 40015-4001¢ in normal
use thereof. In various circumstances, the shaft assembly
1200 may have to be fully seated before the Hall effect sensor
4002 can detect the magnetic element. While a Hall effect
sensor 4002 can be utilized to detect the presence of the shaft
assembly 1200, any suitable system of sensors and/or
switches can be utilized to detect whether a shaft assembly
has been assembled to the handle 1042, for example. In this
way, further to the above, both the power circuits and the
signal circuits to the connector 4000 can be powered down
when a shaft assembly is not installed to the handle 1042 and
powered up when a shaft assembly is installed to the handle
1042.

In various embodiments, any number of magnetic sensing
elements may be employed to detect whether a shaft assembly
has been assembled to the handle 1042, for example. For
example, the technologies used for magnetic field sensing
include search coil, fluxgate, optically pumped, nuclear pre-
cession, SQUID, Hall-effect, anisotropic magnetoresistance,
giant magnetoresistance, magnetic tunnel junctions, giant
magnetoimpedance, magnetostrictive/piezoelectric compos-
ites, magnetodiode, magnetotransistor, fiber optic, magne-
tooptic, and microelectromechanical systems-based mag-
netic sensors, among others.

After the interchangeable shaft assembly 1200 has been
operably coupled to the handle 1042, actuation of the closure
trigger 1052 will result in the distal axial advancement of the
outer sleeve 1250 and the shaft closure sleeve assembly 1354
coupled thereto to actuate the anvil 1310 in the various man-
ners disclosed herein. As can also be seenin FIG. 48, the firing
member 1270 in the interchangeable shaft assembly 1200 is
coupled to the longitudinally movable drive member 1110 in
the handle 1042. More specifically, the shaft attachment lug
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1278 formed on the proximal end 1277 of the intermediate
firing shaft 1272 is receive within the firing shaft attachment
cradle 1113 formed in the distal end 1111 of the longitudi-
nally movable drive member 1110. Thus, actuation of the
firing trigger 1120 which results in powering of the motor
1102 to axially advance the longitudinally movable drive
member 1110 will also cause the firing member 1270 to
axially move within the shaft frame 1212. Such action will
cause the advancement of the distal cutting portion 1280
through the tissue clamped in the end effector 1300 in the
various manners disclosed herein. Although not observable in
FIG. 48, those of ordinary skill in the art will also understand
that when in the coupled position depicted in that Figure, the
attachment lug portions 1229 of the shaft attachment module
1220 are seated within their respective dovetail receiving
slots 1088 in the attachment module portion 1084 of the frame
1080. Thus, the shaft attachment module 1220 is coupled to
the frame 1080. In addition, although not shown in FIG. 48
(but which can be seen in FIG. 40), when the shaft attachment
module 1220 has been coupled to the frame 1080, the lock
lugs 1242 on the lock yoke 1240 are seated within their
respective lock grooves 1086 (only one is shown in FIG. 40)
in the attachment module portion 1084 of the frame 1080 to
releasably retain the shaft attachment module 1220 in
coupled operable engagement with the frame 1080.

To detach the interchangeable shaft assembly 1220 from
the frame 1080, the clinician pushes the latch button 1236 in
the distal direction “D’to cause the lock yoke 1240 to pivot as
shown in FIG. 41. Such pivotal movement of the lock yoke
1240 causes the lock lugs 1242 thereon to move out of retain-
ing engagement with the lock grooves 1086. The clinician
may then move the shaft attachment module 1220 away from
the handle in a disconnecting direction “DD” as shown in
FIG. 49.

Those of ordinary skill in the art will understand that the
shaft attachment module 1220 may also be held stationary
and the handle 1042 moved along the installation axis IA-IA
that is substantially transverse to the shaft axis SA-SA to
bring the lugs 1229 on the connector portion 1228 into seating
engagement with the dovetail slots 1088. It will be further
understood that the shaft attachment module 1220 and the
handle 1042 may be simultaneously moved toward each other
along the installation axis IA-IA that is substantially trans-
verse to the shaft axis SA-SA and the actuation axis AA-AA.

As used herein, the phrase, “substantially transverse to the
actuation axis and/or to the shaft axis” refers to a direction
that is nearly perpendicular to the actuation axis and/or shaft
axis. It will be appreciated, however, that directions that devi-
ate some from perpendicular to the actuation axis and/or the
shaft axis are also substantially transverse to those axes.

FIGS. 50-57 illustrate another arrangement for coupling an
interchangeable shaft assembly 1600 to a frame 1480 of a
handle (not shown) that otherwise functions like the handle
1042 discussed in detail herein. Thus, only those details nec-
essary to understand the unique and novel coupling features
of'the shaft assembly 1600 will be discussed in further detail.
Those of ordinary skill in the art will understand, however,
that the frame may be supported within a housing of a robotic
system that otherwise operably supports or houses a plurality
of drive systems. In other arrangements, the frame may com-
prise portion of a robotic system for operably affixing inter-
changeable shaft assemblies thereto.

In at least one form, the shaft assembly 1600 includes a
shaft 1610 that may include all of the other components of
shaft 1210 described above and may have an end effector (not
shown) of the type described above operably attached thereto.
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Turning to FIG. 57, in the illustrated arrangement, the shaft
assembly 1600 includes a closure tube attachment yoke 1660
that may be rotatably coupled to an outer sleeve 1650 in the
manner in which the closure tube yoke assembly 1260 was
rotatably coupled to the outer sleeve 1250.

In various forms, the shaft assembly 1600 includes a shaft
attachment module or shaft attachment portion 1620 that has
an open bottom 1621. The shaft 1610 is coupled to the shaft
attachment module 1620 by inserting the proximal end of the
shaft 1610 through an opening 1622 in the shaft attachment
module 1620. The closure tube attachment yoke 1660 may be
inserted into the shaft attachment module 1620 through the
open bottom portion 1621 such that the proximal end 1652 of
the outer sleeve 1650 is received within the cradle 1662 in the
closure tube attachment yoke 1660. In the manner discussed
above, a U-shaped connector 1666 is passed through a slot
1624 in the shaft attachment module 1620 to engage an annu-
lar groove 1654 in the proximal end 1652 of the outer sleeve
1250 and slots 1664 in the closure tube attachment yoke 1660
to affix the outer sleeve 1650 to the closure tube attachment
yoke 1660. As was discussed above, such arrangement
enables the outer sleeve 1650 to rotate relative to the shaft
attachment module 1620.

In at least one form, the closure tube attachment yoke 1660
is configured to be supported within the shaft attachment
module 1620 such that the closure tube yoke attachment yoke
1660 may move axially therein in the distal and proximal
directions. In at least one form, a closure spring 1625 is
provided within the shaft attachment module to bias the clo-
sure tube yoke assembly 1660 in the proximal direction “P”.
See FIG. 57. As with the above described shaft assembly
1210, the proximal end 1614 of the shaft frame 1612 pro-
trudes proximally out of the proximal end 1652 of the outer
sleeve 1650. As can be seen in FIG. 57 aretaining collar 1617
may be formed on the proximal end 1614 of the shaft frame
1612. A U-shaped retainer member 1627 is inserted through
a lateral slot 1633 in the shaft attachment module 1620 to
retain the proximal end 1652 of the outer sleeve in that axial
position while enabling the outer sleeve 1650 to rotate relative
to the shaft attachment module 1620. Such arrangement per-
mits the clinician to rotate the shaft 1610 about the shaft axis
SA-SA relative to the shaft attachment module 1620. Those
of ordinary skill in the art will appreciate that the shaft 1610
may be rotated by the same or similar nozzle arrangement that
was described above. For example, the nozzle portions (not
shown) may be assembled around the outer sleeve 1650 and
engage the notch 1618 in the shaft frame 1612 through the
window 1653 in the outer sleeve 1650. See FI1G. 53.

In at least one form, the frame 1480 has a frame attachment
module or frame attachment portion 1484 formed thereon or
attached thereto. The frame attachment module 1484 may be
formed with opposed dovetail receiving slots 1488. Each
dovetail receiving slot 1488 may be tapered or, stated another
way, be somewhat V-shaped. The slots 1488 are configured to
releasably receive corresponding portion of a dovetail con-
nector 1629 protruding from a proximal end of the shaft
attachment module 1620. As can be seen in FIG. 52, the
proximal end 1677 of the intermediate firing shaft 1672 pro-
trudes proximally out of the shaft attachment module 1620
and has a shaft attachment lug 1678 formed thereon. The
proximal end 1677 of the intermediate firing shaft 1672 may
extend through the space between the end walls 1485 of the
frame attachment module 1484 to enable the shaft attachment
lug 1678 formed thereon to be received in a firing shaft
attachment cradle 1513 formed in the distal end 1511 of the
longitudinally moveable drive member 1510. See FIG. 57.
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When the interchangeable shaft assembly 1600 is coupled to
the handle or housing or frame of the surgical instrument,
device, robotic system, etc., the shaft attachment lug 1678 is
received in a firing shaft attachment cradle 1513 formed in the
distal end 1511 of the longitudinally movable drive member
1510.

As can also be seen in FIGS. 52-55, the frame attachment
module 1484 may have a distally protruding bottom member
1490 that is adapted to enclose at least a portion of the open
bottom 1621 of the shaft attachment module 1620 when the
shaft attachment module 1620 is operably coupled to the
frame attachment module 1484. In one form, the closure tube
attachment yoke 1660 has a pair of proximally extending,
spaced yoke arms 1661 protruding therefrom. A transverse
yoke attachment pin 1663 may extend therebetween. See
FIG. 57. When the shaft attachment module 1620 is brought
into operable engagement with the frame attachment module
1484, the yoke attachment pin 1663 is configured to be hook-
ingly engaged by a hook 1469 formed on a closure link 1467
of the closure drive system 1450. The closure drive system
1450 may be similar to the closure drive system 1050
described above and include a closure trigger 1452 and a
closure linkage assembly 1460. The closure linkage assembly
1460 may include a closure link 1462 that is pivotally coupled
to the closure attachment bar 1464. The closure attachment
bar 1464 is pivotally coupled to the closure link 1467. See
FIG. 54.

A method for coupling the shaft assembly 1600 to the
frame 1480 may be understood from reference to FIGS. 53
and 54. As with other arrangements disclosed herein, the shaft
assembly 1600 may define a shaft axis SA-SA and the frame
1480 may define an actuation axis AA-AA. For example, the
shaft axis SA-SA may be defined by the firing member 1670
and the actuation axis AA-AA may be defined by the longi-
tudinally movable drive member 1510. To commence the
coupling process, the clinician may position the shaft attach-
ment module 1620 of the interchangeable shaft assembly
1600 above or adjacent to the frame attachment module 1484
ofthe frame 1480 such that the dovetail connector 1629 of the
shaft attachment module 1620 is aligned with the dovetail
slots 1488 in the frame attachment module 1484 as shown in
FIG. 53. The clinician may then move the shaft attachment
module 1620 along an installation axis IA-IA that is substan-
tially transverse to the actuation axis AA-AA. Stated another
way, the shaft attachment module 1620 is moved in an instal-
lation direction “ID” that is substantially transverse to the
actuation axis AA-AA until the dovetail connector 1629 is
seated in the dovetail slots 1488 in the frame module 1484.
See FIGS. 55-57. When the shaft attachment module 1620
has been operably engaged with the frame attachment module
1484, the closure tube attachment yoke 1665 will be operably
engaged with the closure drive system 1450 and actuation of
the closure trigger 1452 will result in the distal axial advance-
ment of the outer sleeve 1650 and the shaft closure tube
assembly coupled thereto to actuate the anvil in the various
manners disclosed herein. Likewise, the firing member 1270
will be operably engaged with the longitudinally movable
drive member 1510. See FIG. 57. Thus, actuation of the motor
(not shown) of the firing drive system 1500 will result in the
axial advancement of the longitudinally movable drive mem-
ber 1510 as well as the firing member 1670. Such action will
cause the advancement of the distal cutting portion of the
firing member (not shown) through the tissue clamped in the
end effector in the various manners disclosed herein.

FIGS. 58-62 illustrate another arrangement for coupling an
interchangeable shaft assembly 1900 to a frame 1780 of a
handle (not shown) that otherwise functions like the handle
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1042 discussed in detail herein. Thus, only those details nec-
essary to understand the unique and novel coupling features
of'the shaft assembly 1900 will be discussed in further detail.
Those of ordinary skill in the art will understand, however,
that the frame may be supported within a housing or other
portion of a robotic system that otherwise operably supports
or houses a plurality of drive systems. In other arrangements,
the frame may comprise portion of a robotic system for oper-
ably affixing interchangeable shaft assemblies thereto.

In at least one form, the shaft assembly 1900 includes a
shaft 1910 that may include all of the other components of
shaft 1210 described above and may have an end effector of
the type described above, for example, (not shown) operably
attached thereto. Turning to FIG. 62, in the illustrated
arrangement, the shaft assembly 1900 includes a closure tube
attachment yoke 1960 that may be rotatably coupled to an
outer sleeve 1950 in the manner in which the closure tube
yoke assembly 1260 was rotatably coupled to the outer sleeve
1250.

In various forms, the shaft assembly 1900 may include a
shaft attachment module or shaft attachment portion 1920
that has an open bottom 1921. The shaft 1910 is coupled to the
shaft attachment module 1920 by inserting the proximal end
of'the shaft 1910 through an opening 1922 in the shaft attach-
ment module 1920. The closure tube attachment yoke 1960
may be inserted into the shaft attachment module 1920
through the open bottom portion 1921 such that the proximal
end 1952 of the outer sleeve 1950 is received within the cradle
1962 in the closure tube attachment yoke 1660. In the manner
discussed above, a U-shaped connector 1966 engages an
annular groove (not shown) in the proximal end 1952 of the
outer sleeve 1950 and slots 1964 in the closure tube attach-
ment yoke 1960 to affix the outer sleeve 1950 to the closure
tube attachment yoke 1960. As was discussed above, such
arrangement enables the outer sleeve 1950 to rotate relative to
the shaft attachment module 1920.

In at least one form, the closure tube attachment yoke 1960
is configured to be supported within the shaft attachment
module 1920 such that the closure tube yoke assembly 1960
may move axially therein in the distal (“D”) and proximal
(“P”) directions. As with the above described shaft assembly
1210, the proximal end of the shaft frame protrudes proxi-
mally out of the proximal end 1952 of the outer sleeve 1950.
As can be seen in FIG. 62, a retaining collar 1917 may be
formed on the proximal end of the shaft frame. A U-shaped
retainer member 1927 may be employed to retain the proxi-
mal end of the shaft frame in that axial position while
enabling the shaft frame to rotate relative to the shaft attach-
ment module 1920. Such arrangement permits the clinician to
rotate the shaft 1910 about the shaft axis SA-SA relative to the
shaft attachment module 1920. A nozzle assembly 1990 may
be employed in the various manners discussed herein to
facilitate rotation of the shaft 1910 relative to the shaft attach-
ment module 1920.

The interchangeable shaft assembly 1900 may further
include a nozzle assembly 1990 that is rotatably supported on
the shaft attachment module 1920. In at least one form, for
example, the nozzle assembly 1990 can be comprised of two
nozzle halves, or portions that may be interconnected by
screws, snap features, adhesive, etc. When mounted on the
shaft attachment module 1920, the nozzle assembly 1990
may interface with a shaft rotation adapter 1995 that is con-
figured to engage the outer sleeve 1950 and shaft frame 1912
to enable the clinician to selectively rotate the shaft 1910
relative to the shaft attachment module 1920 about a shaft
axis SA-SA which may be defined for example, the axis of the
firing member assembly. Thus, rotation of the nozzle assem-
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bly 1990 will result in rotation of the shaft frame and outer
sleeve 1950 about axis A-A relative to the shaft attachment
module 1920.

In at least one form, the frame 1780 has a frame attachment
module or frame attachment portion 1784 formed thereon or
attached thereto. The frame attachment module 1784 may be
formed with outwardly facing dovetail receiving slots 1788.
Each dovetail receiving slot 1788 may be tapered or, stated
another way, be somewhat V-shaped. See FIG. 60. The slots
1788 are configured to releasably operably engage corre-
sponding inwardly-facing dovetail connector portions 1929
formed on the shaft attachment module 1920. As can be seen
in FIG. 60, the proximal end 1977 of the intermediate firing
shaft 1972 protrudes proximally out of the shaft attachment
module 1920 and has a shaft attachment lug 1978 formed
thereon. The shaft attachment lug 1978 is configured to be
received in a firing shaft attachment cradle 1813 formed in the
distal end 1811 of the longitudinally moveable drive member
1810. See FIG. 62. When the interchangeable shaft assembly
1900 is in operable engagement with the frame or housing of
the surgical instrument, device, robotic system, etc., the shaft
attachment lug 1978 is received in operable engagement in a
firing shaft attachment cradle 1813 formed in the distal end
1811 of the longitudinal drive member 1810.

In atleast one form, the closure tube attachment yoke 1960
has a proximally extending yoke arm 1961 protruding there-
from that has a downwardly open hook 1963 formed thereon
to engage an attachment lug 1766 formed on the closure
attachment bar 1764 of the closure drive system 1750. See
FIG. 62. When the shaft attachment module 1920 is brought
into coupling engagement with the frame attachment module
1784, the attachment lug 1766 is hookingly engaged by a
hook 1963 formed on the closure tube yoke arm 1961. The
closure drive system 1750 may be similar to the closure drive
system 1050 described above and include a closure trigger
1752 and a closure linkage assembly 1760. The closure link-
age assembly 1760 may include a closure link 1762 that is
pivotally coupled to the closure attachment bar 1764. See
FIG. 62. Actuation of the closure trigger 1752 will result in
the axial movement of the closure attachment bar 1764 in the
distal direction “D”.

As with other arrangements disclosed herein, the shaft
assembly 1900 may define a shaft axis SA-SA and the frame
1780 may define an actuation axis AA-AA. For example, the
shaft axis SA-SA may be defined by the firing member 1970
and the actuation axis AA-AA may be defined by the longi-
tudinally movable drive member 1810 operably supported by
the frame 1780. To commence the coupling process, the cli-
nician may position the shaft attachment module 1920 of the
interchangeable shaft assembly 1900 above or adjacent to the
frame attachment module 1784 of the frame 1780 such that
the dovetail connector portions 1929 of the shaft attachment
module 1920 are each aligned with their corresponding dove-
tail slot 1788 in the frame attachment module 1784. The
clinician may then move the shaft attachment module 1920
along an installation axis that is substantially transverse to the
actuation axis AA-AA. Stated another way, the shaft attach-
ment module 1920 is moved in an installation direction that is
substantially transverse to the actuation axis AA-AA until the
dovetail connectors 1929 are seated in operable engagement
in their corresponding dovetail slot 1788 in the frame module
1784. When the shaft attachment module 1920 has been
attached to the frame attachment module 1784, the closure
tube attachment yoke 1960 will be operably coupled to the
closure drive system 1750 and actuation of the closure trigger
1752 will result in the distal axial advancement of the outer
sleeve 1950 and the shaft closure tube assembly coupled
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thereto to actuate the anvil in the various manners disclosed
herein. Likewise, the firing member will be coupled in oper-
able engagement with the longitudinally movable drive mem-
ber 1810. See FIG. 62. Thus, actuation of the motor (not
shown) of the firing drive system 1800 will result in the axial
advancement of the longitudinally movable drive member
1810 as well as the firing member 1970. Such action will
cause the advancement of the distal cutting portion of the
firing member (not shown) through the tissue clamped in the
end effector in the various manners disclosed herein.

FIGS. 63-66 illustrate another arrangement for coupling an
interchangeable shaft assembly 2200 to a frame 2080 of a
handle (not shown) that may function like the handle 1042
discussed in detail herein. Thus, only those details necessary
to understand the unique and novel coupling features of the
shaft assembly 2200 will be discussed in further detail. Those
of ordinary skill in the art will understand, however, that the
frame may be supported within a housing or other portion of
a robotic system that otherwise operably supports or houses a
plurality of drive systems. In other arrangements, the frame
may comprise portion of a robotic system for operably affix-
ing interchangeable shaft assemblies thereto.

In at least one form, the shaft assembly 2200 includes a
shaft 2210 that may include all of the other components of
shaft 1210 described above and may have an end effector (not
shown) of the type described above operably attached thereto.
The various constructions and operations of those features are
described above. In the illustrated arrangement, the shaft
assembly 2200 includes a closure tube attachment yoke 2260
that may be rotatably coupled to an outer sleeve 2250 in the
manner in which the closure tube yoke attachment yoke 1260
was rotatably coupled to the outer sleeve 1250. The shaft
assembly 2200, however, does not include a shaft attachment
module as was described above.

As can be seen in FIGS. 63-65, the frame 2080 may be
formed in first frame part 2080A and a second frame part
2080B. In those applications wherein the frame 2080 is
employed with a handle, the first and second frame parts
2080A and 2080B may each be associated with a handle
housing portion. Thus, when the clinician desires to attach a
different shaft assembly 2200, the clinician may have to
detach the handle housing portions from each other. In such
arrangements for example, the housing portions may be con-
nected together by removable fasteners or other arrangements
that facilitate easy detachment of the housing portions. In
other embodiments, the shaft assembly 2200 may be config-
ured for a single use. In the illustrated arrangement, the first
frame part 2080A may operably support the various drive
systems therein and the second frame part 2080B may com-
prise a frame portion that retains the various components of
the shaft assembly 2200 in operable engagement with their
corresponding drive system components supported by the
first frame part 2080A.

In at least one form, the closure tube attachment yoke 2260
is configured to be supported within a passage 2081 in the
frame 2080 such that the closure tube attachment yoke 2260
may move axially therein in the distal and proximal direc-
tions. As with the above described shaft assembly 1210, the
proximal end 2214 of the shaft frame 2212 protrudes proxi-
mally out of the proximal end of the 2252 of the outer sleeve
2250. As can be seen in FIG. 63, a retaining collar 2217 may
be formed on the proximal end 2214 of the shaft frame 2212.
The retaining collar 2217 may be adapted to be rotatably
received within an annular groove 2083 formed in the frame
2080. Such arrangement serves to operable couple the shaft
frame 2212 to the frame 2080 to prevent any relative axial
movement between those components while enabling the
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shaft frame 2212 to rotate relative to the frame 2080. This
arrangement further permits the clinician to rotate the shaft
2210 about the shaft axis SA-SA relative to the frame. Those
of ordinary skill in the art will appreciate that a nozzle
arrangement that was described above may be employed to
rotate the shaft 2210 about the shaft axis SA-SA relative to the
frame 2080. For example, the nozzle portions (not shown)
may be assembled around the outer sleeve 2250 and engage
the notch 2218 in the shaft frame 2212 through the window
2253 in the outer sleeve 2250. See FIG. 64.

As can be further seen in FIG. 64, the proximal end 2277 of
the intermediate firing shaft 2272 protrudes proximally out of
the proximal end 2214 of the shaft frame 2212 and has a shaft
attachment lug 2278 formed thereon. The firing shaft attach-
ment cradle 2113 formed in the distal end 2111 of the longi-
tudinally moveable drive member 2110 is formed to enable
the firing shaft attachment lug 2278 to be loaded from the
side. In an effort to aid the clinician in aligning the compo-
nents of the shaft assembly 2220 and the first and second
frame portions 2080A and 2080B during assembly, the sec-
ond frame portion 2080B may be provided with lugs 2090
that are configured to be received in corresponding holes or
pockets 2091 formed in the first frame portion 2080A and visa
versa. In those single use applications wherein it is not desir-
able to be able to detach the shaft assembly 2200 from the
frame 2080, the pockets 2090 may be configured to perma-
nently grip or engage the lugs 2090 inserted therein.

The first frame portion 2080A and/or the longitudinally
movable drive member 2110 which is movably supported by
the first frame portion 2080A may define an actuation axis
A-A and the shaft assembly 2200 defines a shaft axis SA-SA.
As can be seen in FIG. 64, to commence the coupling process,
the shaft assembly 2200 and the first frame portion 2080A
may be oriented relative to each other such that the shaft axis
SA-SA is substantially parallel to the actuation axis AA-AA
and such that the collar 2217 is laterally-aligned along an
installation axis IA that is substantially transverse to the
actuation axis with the annular groove 2083 and the shaft
attachment lug 2278 is laterally aligned along another instal-
lation axis IA-IA that is also substantially transverse to the
actuation axis AA-AA. The shaft assembly 2200 is then
moved in an installation direction “ID” that is substantially
transverse to the actuation axis AA-AA until the closure tube
attachment yoke 2260 is seated with the portion of the pas-
sage 2081 formed in the first frame portion 2080A, the collar
2217 is seated within the portion of the annular groove 2083
formed in the first frame portion 2080 A and the shaft attach-
ment lug 2278 is seated in the shaft attachment cradle 2113
formed in the longitudinally movable drive member 2110. In
another arrangement, the shaft assembly 2200 and the first
frame portion 2080A may be brought together in a similar
manner by holding the shaft assembly 2200 stationary and
moving the first frame portion 2080A toward the handle
assembly 2200 until the above-mentioned component por-
tions are operably seated together or the handle assembly
2200 and the first frame portion 2080A may each be moved
toward each other until they are seated together. Once the
handle assembly 2200 has been operably seated within first
frame portion 2080A as shown in FIG. 63, the second frame
portion 2080B may be joined with the first frame portion
2080A by aligning the posts 2090 with their corresponding
holes or pockets 2091 and joining the components together.
The first and second frame portions 2080 A and 2080B may be
retained together by fasteners (e.g., screws, bolts, etc.), adhe-
sive and/or snap features. In still other arrangements, the first
frame portion 2080A and the second frame portion 2080B
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may be retained together in coupled engagement when their
respective housing segments are joined together.

Once the first and second frame portions 2080A, 20805
have been joined together as shown in FIGS. 65 and 66, the
clinician may then couple the closure drive system 2050 to the
closure tube attachment yoke 2260. The closure drive system
2050 may be similar to the closure drive system 1050
described above and include a closure trigger 2052 and a
closure linkage assembly 2060. The closure linkage assembly
may include a closure link 2062 that is pivotally coupled to
the closure attachment bar 2064. In addition, another closure
link 2067 is pivotally coupled to the closure attachment bar
2064. The closure link 2067 may be configured for pivotal
attachment to the arms 2261 of the closure tube attachment
yoke 2260 by a pin 2269. See FIG. 66.

FIGS. 68-74 illustrate another arrangement for coupling an
interchangeable shaft assembly 2500 to a frame 2380. The
frame 2380 may be employed with handle as described herein
or may be employed in connection with a robotic system. In
at least one form, the shaft assembly 2500 includes a shaft
2510 that may include all of the other components of shaft
1210 described above and may have an end effector (not
shown) of the type described above operably attached thereto.
The various constructions and operations of those features are
described above. As can be seen in FIGS. 68-74, the shaft
assembly 2500 includes a shaft attachment module or shaft
attachment portion 2520 that is configured to pivotally
engage a frame attachment module portion 2384 of the frame
2380 as will be discussed in further detail below. The shaft
attachment module 2520, for example, may have a collar
portion 2522 through which the proximal end of the shaft
2510 extends. The shaft attachment module 2520 cooperates
with a frame attachment module portion 2384 of the frame
2380 to form a passage 2581 therein for movably supporting
a closure tube attachment yoke 2560 therein. The closure tube
yoke assembly 2560 may be supported on a portion of the
shaft attachment module 2520 and is configured to be sup-
ported within the passage 2581 such that the closure tube
yoke assembly 2560 may move axially therein in the distal
and proximal directions. As with the above described shaft
assemblies, the proximal end of the shaft frame 2512 is rotat-
ably coupled to the shaft attachment module 2520 such that it
may rotate relative thereto. The proximal end of the outer
sleeve 2550 is rotatably coupled to the closure tube attach-
ment yoke 2560 in the above described manners such that it
may rotate relative thereto. In various forms, a nozzle 2590
may be employed in the above-described manners to rotate
the shaft 2510 about the shaft axis SA-SA relative to the frame
shaft attachment module 2520.

As can be further seen in FIG. 68-70, the proximal end
2577 of the intermediate firing shaft 2572 protrudes proxi-
mally out of the closure tube attachment yoke 2560 and has a
shaft attachment lug 2578 formed thereon. The firing shaft
attachment cradle 2413 formed in the distal end 2411 of the
longitudinally moveable drive member 2410 is formed to
enable the firing shaft attachment lug 2578 to be pivotally be
loaded from the side.

As can be seen in FIG. 69, the frame attachment module
portion 2384 has a pair of pivot cradles 2385 formed therein
that are adapted to receive corresponding pivot lugs 2529
formed on the shaft attachment module 2520. When the lugs
2529 are supported within the pivot cradles 2385, the shaft
attachment module 2520 may be pivoted into operable
engagement with the frame attachment module 2384 as illus-
trated in FIG. 70. In particular, the lugs 2529 may define a
pivot axis PA-PA that may be substantially transverse to the
actuation axis AA-AA. See FIG. 73. The shaft attachment
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module 2520 may have laterally protruding latch pins 2591
that are configured to latchingly engage corresponding latch
pockets 2387 in the frame attachment module 2384. To ini-
tiate the coupling process, the intermediate firing shaft 2572
is brought into operable engagement with the longitudinally
movable drive member in a direction that is substantially
transverse to the actuation axis AA-AA.

Once the shaft attachment module 2520 has been latched to
the frame attachment module 2384 as shown in FIGS. 72 and
73, the clinician may then couple the closure drive system
(which may be similar to the closure drive systems described
herein) to the closure tube attachment yoke 2560.

The various interchangeable shaft arrangements disclosed
herein represent vast improvements over prior surgical instru-
ment arrangements that employ dedicated shafts. For
example, one shaft arrangement may be used on multiple
handle arrangements and/or with robotically controlled sur-
gical systems. The methods of coupling the shaft arrange-
ments also differ from prior shaft arrangements that employ
bayonet connections and other structures that require the
application of a rotary motion to the shaft and/or the handle or
housing during the coupling process. The various exemplary
descriptions of the coupling processes employed by the shaft
assemblies disclosed herein include bringing a portion of the
interchangeable shaft assembly into coupling engagement
with a corresponding portion of a housing, a handle, and/or a
frame in a direction or orientation that is substantially trans-
verse to an actuation axis. These coupling processes are
intended to encompass movement of either one or both ofthe
shaft assembly and housing, handle and/or frame during the
coupling process. For example, one method may encompass
retaining the handle, housing and/or frame stationary while
moving the shaft assembly into coupling engagement with it.
Another method may encompass retaining the shaft assembly
stationary while moving the handle, housing and/or frame
into coupling engagement with it. Still another method may
involve simultaneously moving the shaft assembly and the
handle, housing and/or frame together into coupling engage-
ment. It will be understood that the coupling procedures
employed for coupling the various shaft assembly arrange-
ments disclosed herein may encompass one or more (includ-
ing all) of such variations.

Referring to FIGS. 75-80, there is shown a handle 2642 that
may be substantially identical to the handle 1042 described
above, except that the frame attachment module or frame
attachment portion 2684 of the frame 2680 includes a lockout
assembly 2690 for preventing the inadvertent actuation of the
closure drive system 1750. As can be seen in FIGS. 75 and 76,
for example, a proximal lockout slot segment 2692 is formed
in the frame attachment module 2684 such that, prior to
attachment of the interchangeable shaft assembly 1900
thereto, the corresponding attachment lug 1066 on the closure
attachment bar 1764 is slidably received therein. Thus, when
the closure attachment bar 1764 is in that position, the clini-
cian is unable to actuate the closure drive system. Stated
another way, when the actuation lug 1766 is received in the
proximal lockout slot segment 2692, the clinician is unable to
actuate the closure trigger 1752. In various forms, only one
proximal lockout slot segment 2692 may be employed. In
other forms, two proximal lockout slot segments 2692 are
provided such that each attachment lug 1766 may be received
in a corresponding proximal lockout slot segment 2692. In
various forms, a lockout spring 2695 may be employed to bias
the linkage assembly 1760, such that when the closure trigger
1752 is in the unactuated position, the closure attachment bar
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1764 is biased to a position wherein at least one of the attach-
ment lugs 1766 is received in the proximal lockout slot seg-
ment 2692.

As can be seen in FIGS. 77 and 78, the lockout assembly
2690 may further include a distal lug slot 2694 that is formed
in the shaft attachment module 1920' and located such that,
when the shaft attachment module 1920 has been completely
attached to the frame 2680, the distal lug slot 2694 opens into
the proximal lockout slot segment 2692 as shown in FIGS. 77
and 78.

Operation of the closure lockout assembly 2690 may be
understood from reference to FIGS. 76-80. F1G. 76 illustrates
the position of the closure attachment bar 1764 when the
closure trigger 1752 is unactuated. As can be seen in that
Figure, when in that position, the attachment lug 1766 is
received within the proximal lockout slot segment 2692.
Thus, if the clinician attempts to actuate the closure trigger
1752 when in that position (i.e., prior to operably attaching
the interchangeable shaft assembly 1900' to the frame 2680 in
operable engagement), the clinician will be unable to actuate
the closure drive system 1750. After the clinician has attached
the interchangeable shaft assembly 1900' to the frame 2684
such that it is fully seated and completely attached in operable
engagement, the distal lockout slot segment 2694 in the shaft
attachment module 1920" will open into the proximal lockout
slot segment 2692 as shown in FIGS. 77 and 78. As the shaft
attachment module 1920' is inserted into operable engage-
ment with the frame attachment module 2684, the yoke arm
1961 protruding proximally from the closure tube attachment
yoke 1960 will capture the attachment lug 1766 in the down-
wardly opening slot 1963 and drive it to the bottom of the
proximal lockout slot 2692 as shown in FIG. 79. Thereafter,
when the clinician desires to actuate the closure drive system
1750 by actuating the closure trigger 1752, the closure link-
age assembly 1760 will be driven in the distal direction “D”.
As the closure attachment bar 1764 is advanced distally, the
attachment lug 1766 is permitted to advance distally into the
distal lockout slot 2694 for the distance necessary, for
example, to result in the closure of the anvil or application of
a corresponding actuation motion to the end effector operably
coupled to the end effector shaft assembly 1900'. FIG. 80
illustrates the position of the closure attachment bar 1764
when the closure drive system 1750 has been fully actuated,
for example, when the closure trigger 1752 has been fully
depressed.

FIGS. 81-85 illustrate another lockout assembly 2690' for
preventing the inadvertent actuation of the closure drive sys-
tem 1750 until the interchangeable shaft assembly 1900' has
been coupled in operable engagement with the frame 2680. In
at least one form, a lockout shoulder 2696 is formed on the
frame attachment module or frame attachment portion 2684’
such that when the interchangeable shaft assembly 1900' has
not been coupled in operable engagement with the frame
2680, the closure attachment bar 1764 is prevented from
moving in the distal direction “D” by the shoulder 2696. See
FIG. 81. As the shaft attachment module 1920' is inserted into
operable engagement with the frame attachment module
2684', the yoke arm 1961 protruding proximally from the
closure tube attachment yoke 1960 will capture the attach-
ment lug 1766 on the closure attachment bar 1764 a move the
closure attachment bar 1764 to the “unlocked” position
shown in FIGS. 82 and 83. As can be particularly seen in FIG.
82, when in the unlocked position, the closure attachment bar
1764 is located below the shoulder 2696 on the frame attach-
ment module 2684'. When the closure attachment bar is in the

10

20

40

45

48

unlocked position, it may be advanced distally when the
closure drive system 1750 is actuated by depressing the actua-
tion trigger 1752.

FIGS. 86-91 illustrate another interchangeable shaft
assembly 1900" and handle 2642 that employs a lockout
assembly 2700 for preventing the inadvertent actuation of the
closure drive system 1750". As can be seen in FIGS. 88 and
89, one form of lockout assembly 2700 includes an actuator
slide member 2720 that is slidably journaled in a distally
extending lock foot 2710 formed on the frame attachment
module or frame attachment portion 2684". In particular, in at
least one form, the actuator slide member 2720 has two lat-
erally protruding slide tabs 2722 that are received in corre-
sponding slots 2712 formed in the lock foot 2710. See FIG.
86. The actuator slide member 2720 is pivotally coupled to
the closure attachment bar 1764" of the closure drive system
1750" and has an actuator pocket 2724 formed therein that is
adapted to receive a downwardly-protruding actuator tab
2702 on the closure tube attachment yoke 1960'. As with the
closure tube attachment yoke 1960 described above, the clo-
sure tube attachment closure yoke 1960’ is rotatably affixed to
the outer sleeve 1950 in the various manners described herein
and which is axially movable within the shaft attachment
module 1920'.

As can be seen in FIGS. 88-89, the lockout assembly 2700
may further include a movable lock member 2730 that is
received in a cavity 2714 formed in the lock foot 2710. The
lock member 2730 has a lock portion 2732 that is sized to
extend into the actuator pocket 2724 such that when in that
“locked” position, the lock member 2730 prevents the distal
movement of the actuator slide member 2720 relative to the
lock foot 2710. As can be most particularly seen in FIG. 89, a
lock spring 2734 is provided in the cavity 2714 to bias the lock
member 2730 into the locked position.

FIG. 89 illustrates the lockout assembly 2700 in the locked
position. When in that position, the lock portion 2732 is
located in the actuator pocket 2724 and thereby prevents the
distal movement of the actuator slide member 2720. Thus, if
the clinician attempts to actuate the closure drive system
1750" by depressing the closure trigger 1752, the lock portion
2732 will prevent the advancement of the slide member 2720.
FIG. 90 illustrates the position of the lock member 2730 after
the actuator tab 2702 on the closure tube yoke 1960' has been
inserted into the actuator pocket 2724 and has biased the lock
member 2370 into an “unlocked” position in the bottom of the
cavity 2714 wherein the actuator slide member 2720 may be
advanced distally. F1G. 91 illustrates the position of the actua-
tor slide 2720 after the closure trigger 1752 has been com-
pletely depressed to thereby axially advance the closure tube
attachment yoke 1960' and the outer sleeve 1950 attached
thereto.

FIGS. 92-98 illustrate another interchangeable shaft
assembly 1900" and handle 2642" that employs a lockout
assembly 2800 for preventing the inadvertent actuation of the
closure drive system 1750". The closure drive system 1750"
may be similar to the closure drive systems 1050 and 1750
described above and include a closure trigger 1752 and a
closure linkage assembly 1760'. The closure linkage assem-
bly 1760' may include a closure link 1762' that is pivotally
coupled to the closure attachment bar 1764. In addition, an
actuator slide member 2720 may be pivotally attached to the
closure attachment bar 1764 and also be slidably journaled in
a distally extending lock foot 2710' formed on the frame
attachment module 2684". In particular, in at least one form,
the actuator slide member 2720 has two laterally protruding
slide tabs 2722 that are received in corresponding slots 2712
formed in the lock foot 2710. See FIG. 92. The actuator slide
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member 2720 is pivotally coupled to the closure attachment
bar 1764 of the closure drive system 1750" and has an actua-
tor pocket 2724 formed therein that is adapted to receive a
downwardly-protruding actuator tab 2702 on the closure tube
attachment yoke 1960'. As with the closure tube attachment
yoke 1960 described above, the closure tube attachment clo-
sure yoke 1960’ is rotatably affixed to the outer sleeve 1950 in
the various manners described herein and which is axially
movable within the shaft attachment module 1920".

In various forms, the lockout assembly 2800 may further
include a movable lock bar or lock member 2802 that is
pivotally attached to the frame attachment module 2684". For
example, the lock bar 2802 may be pivotally mounted to a
laterally protruding pin 2804 on the frame attachment module
2684". The lock bar 2802 may further have a lock pin 2806
protruding from a proximal portion thereof that is configured
to extend into a lock slot 2808 provided in the closure link
1762' when the closure drive system 1750" in unactuated. See
FIG. 94. Lock pin 2806 may extend through a lock slot 2812
that is provided in a side plate 2810 that is attached to the
frame 2680'. The lock slot 2812 may serve to guide the lock
pin 2806 between locked (FIGS. 92-94) and unlocked posi-
tions (FIGS. 95-98).

When the lockout assembly is in the locked position, the
lock pin 2806 is received in the lock slot in 2808 in the closure
link 1762'. When in that position, the lock pin prevents move-
ment closure linkage assembly 1760'". Thus, if the clinician
attempts to actuate the closure drive system 1750" by depress-
ing the closure trigger 1752, the lock pin 2806 will prevent
movement of the closure link 1762 and ultimately prevent the
advancement of the slide member 2720. FIGS. 95-98 illus-
trate the position of the lock bar 2602 after the shaft attach-
ment module 1920" has been coupled in operable engage-
ment with the frame attachment module 2684". When in that
position, a lock release portion 2820 on the frame attachment
module 2684" contacts the lock bar 2802 and causes it to pivot
to thereby move the lock pin 2806 out of the lock slot 2808 in
the closure link 1762'. As can also be seen in FIGS. 97 and 98,
when the shaft attachment module 1920" has been coupled in
operable engagement with the frame attachment module
2684", the actuator tab 2702 on the closure tube yoke 1960’ is
seated in the actuator pocket 2724 in the actuator slide mem-
ber 2720. FIG. 98 illustrates the position of the actuator slide
member 2720 after the closure trigger 1752 has been com-
pletely depressed to thereby axially advance the closure tube
attachment yoke 1960' and the outer sleeve 1950 attached
thereto in the distal direction “D”.

Referring now to FIGS. 99-101, there is shown a shaft
locking assembly 2900 that is configured to prevent axial
movement of the firing member 1270 unless the interchange-
able shaft assembly has been coupled in operable engagement
with the surgical instrument. More particularly, the shaft
locking assembly 2900 may prevent axial movement of the
firing member 1270 unless the firing member has been
coupled in operable engagement with the longitudinally mov-
able drive member 1110 (the longitudinally movable drive
member 1110 may be seen in FIG. 88). In at least one form,
the shaft locking assembly 2900 may comprise a shaft lock-
ing member or locking plate 2902 that has a shaft clearance
hole 2904 therethrough and is supported by a portion of the
shaft attachment frame or module 1920" for slidable travel in
directions “L.D” that are substantially transverse to the shaft
axis SA-SA. See FIG. 99. The shaft locking plate 2902 may,
for example, move between a locked position shown in FIG.
100 wherein the shaft locking plate 2902 extends into the
recessed area 1279 between the attachment lug 1278 and the
proximal end 1277 of the intermediate firing shaft portion
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1272. When in that locked position, the shaft locking plate
2902 prevents any axial movement of the intermediate firing
shaft portion 1272. The shaft locking plate 2902 may be
biased into the locked position by a lock spring 2906 or other
biasing arrangement. Note that FIG. 99 illustrates the locking
plate 2902 in an unlocked configuration for clarity purposes.
When the interchangeable shaft assembly is not attached to a
surgical instrument, the locking plate 2902 will be biased into
the locked position as shown in FIG. 100. It will be appreci-
ated that such arrangement prevents any inadvertent axial
movement of the firing member 1270 when the interchange-
able shaft assembly has not been attached in operable engage-
ment with a surgical instrument (e.g., hand-held instrument,
robotic system, etc.).

As was discussed in detail above, during the coupling of the
interchangeable shaft assembly to the surgical instrument, the
attachment lug 1278 on the end of the intermediate firing shaft
portion 1272 enters a cradle 1113 in the distal end of the
longitudinally movable drive member 1110. See FIG. 88. As
the attachment lug 1278 enters the cradle 1113, the distal end
of the longitudinally movable drive member 1110 contacts
the shaft locking plate 2902 and moves it to an unlocked
position (FIG. 101) wherein the distal end of the longitudi-
nally movable drive member 1110 and the proximal end 1277
of the intermediate firing shaft portion 1272 may axially
move within the shaft clearance hole 2904 in response to
actuation motions applied to the longitudinally movable drive
member 1110.

Turning now to FIGS. 102-112, a surgical instrument, such
as surgical instrument 10000, and/or any other surgical instru-
ment, such as surgical instrument system 1000, for example,
can comprise a shaft 10010 and an end effector 10020,
wherein the end effector 10020 can be articulated relative to
the shaft 10010. Further to the above, the surgical instrument
10000 can comprise a shaft assembly comprising the shaft
10010 and the end effector 10020 wherein the shaft assembly
can be removably attached to a handle of the surgical instru-
ment 10000. Referring primarily to FIGS. 102-104, the shaft
10010 can comprise a shaft frame 10012 and the end effector
10020 can comprise an end effector frame 10022 wherein the
end effector frame 10022 can be rotatably coupled to the shaft
frame 10012 about an articulation joint 10090. With regard to
the articulation joint 10090, in at least one example, the shaft
frame 10012 can comprise a pivot pin 10014 which can be
received within a pivot aperture 10024 defined in the end
effector frame 10022. The end effector frame 10022 can
further comprise a drive pin 10021 extending therefrom
which can be operably engaged with an articulation driver.
The drive pin 10021 can be configured to receive a force
applied thereto and, depending on the direction in which the
force is applied to the drive pin 10021, rotate the end effector
10020 in a first direction or a second, opposite, direction.
More particularly, when a force is applied to the drive pin
10021 in the distal direction by the articulation driver, the
articulation driver can push the drive pin 10021 around the
pivot pin 10014 and, similarly, when a force is applied to the
drive pin 10021 in the proximal direction by the articulation
driver, the articulation driver can pull the drive pin 10021
around the pivot pin 10014 in the opposite direction, for
example. To the extent that the drive pin 10021 were to be
placed on the opposite side of the articulation joint 10090, for
example, the distal and proximal movements of the articula-
tion driver would produce an opposite effect on the end effec-
tor 10020.

Further to the above, referring again to FIGS. 102-104, the
surgical instrument 10000 can comprise an articulation driver
system including a proximal articulation driver 10030 and a
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distal articulation driver 10040. When a drive force is trans-
mitted to the proximal articulation driver 10030, whether it be
in the proximal direction or the distal direction, the drive force
can be transmitted to the distal articulation driver 10040
through an articulation lock 10050, as described in greater
detail further below. In various circumstances, further to the
above, a firing member 10060 of the surgical instrument
10000 can be utilized to impart such a drive force to the
proximal articulation driver 10040. For instance, referring
primarily to FIGS. 102-112, the surgical instrument 10000
can comprise a clutch system 10070 which can be configured
to selectively connect the proximal articulation driver 10030
to the firing member 10060 such that the movement of the
firing member 10060 can be imparted to the proximal articu-
lation driver 10030. In use, the clutch system 10070 can be
movable between an engaged state (FIGS. 102-108 and 111)
in which the proximal articulation driver 10030 is operably
engaged with the firing member 10060 and a disengaged state
(FIGS. 109,110, and 112) in which the proximal articulation
driver 10030 is not operably engaged with the firing member
10060. In various circumstances, the clutch system 10070 can
comprise an engagement member 10072 which can be con-
figured to directly connect the proximal articulation driver
10030 to the firing member 10060. The engagement member
10072 can comprise at least one drive tooth 10073 which can
be received within a drive recess 10062 defined in the firing
member 10060 when the clutch system 10070 is in its
engaged state. In certain circumstances, referring primarily to
FIGS. 28 and 31, the engagement member 10072 can com-
prise a first drive tooth 10073 that extends to one side of the
proximal articulation driver 10030 and a second drive tooth
10073 that extends to the other side of the proximal articula-
tion driver 10030 in order to engage the drive recess 10062
defined in the firing member 10060.

Further to the above, referring again to FIGS. 102-112, the
clutch system 10070 can further comprise an actuator mem-
ber 10074 which can be configured to rotate or pivot the
engagement member 10072 about a pivot pin 10071 mounted
to a proximal end 10039 (FIG. 104 A) of the proximal articu-
lation driver 10030. The actuator member 10074 can com-
prise a first, or outer, projection 10076 and a second, or inner,
projection 10077 between which can be defined a recess
10078 configured to receive a control arm 10079 defined in
the engagement member 10072. When the actuator member
10074 is rotated away from the firing member 10060, i.c.,
away from a longitudinal axis of the shaft 10010, the inner
projection 10077 can contact the control arm 10079 of the
engagement member 10072 and rotate the engagement mem-
ber 10072 away from the firing member 10060 to move the
drive teeth 10073 out of the drive notch 10062 and, as a result,
disengage the engagement member 10072 from firing mem-
ber 10060. Concurrently, the engagement member 10072 can
also be disengaged from the proximal articulation driver
10030. In at least one circumstance, the proximal articulation
driver 10030 can comprise a drive notch 10035 defined
therein which can also be configured to receive a portion of
the drive teeth 10073 when the engagement member 10072 is
in an engaged position wherein, similar to the above, the drive
teeth 10073 can be removed from the drive notch 10035 when
the engagement member 10072 is moved into its disengaged
position. In certain other circumstances, referring primarily
to FIG. 108, the drive teeth 10073 can define a recess 10083
therebetween which can be received in the drive notch 10035.
In either event, in a way, the engagement member 10072 can
be configured to, one, simultaneously engage the drive notch
10035 in the proximal articulation driver 10030 and the drive
notch 10062 in the firing member 10060 when the engage-
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ment member 10072 is in its engaged position and, two, be
simultaneously disengaged from the drive notch 10035 and
the drive notch 10062 when the engagement member 10072 is
moved into its disengaged position. With continuing refer-
ence to FIGS. 102-104, the actuator member 10074 can be
rotatably or pivotably mounted to a housing at least partially
surrounding the shaft 10010 via a pivot pin 10075. In some
circumstances, the pivot pin 10075 can be mounted to a
handle frame 10001 and/or a handle housing surrounding the
handle frame 10001, such as a handle housing including
portions 11002 and 11003 as illustrated in FIG. 131, for
example. The surgical instrument 10000 can further comprise
atorsion spring 10080 at least partially surrounding said pivot
pin 10075 which can be configured to impart a rotational bias
to the actuator member 10074 in order to bias the actuator
10074, and the engagement member 10072, toward the firing
member 10060 and to bias the engagement member 10072
into its engaged position. To this end, the outer projection
10076 of the actuator member 10074 can contact the control
arm 10079 of the engagement member 10072 and pivot the
engagement member 10072 inwardly about the pivot pin
10071.

Upon comparing FIGS. 108 and 109, further to the above,
the reader will note that the clutch system 10070 has been
moved between its engaged state (FIG. 108) and its disen-
gaged state (FIG. 109). A similar comparison can be drawn
between FIGS. 111 and 112 wherein the reader will appreci-
ate that a closure tube 10015 of the shaft 10010 has been
advanced from a proximal position (FIG. 111) to a distal
position (FIG. 112) to move clutch system 10070 between its
engaged state (FIG. 111) and its disengaged state (FIG. 112).
More particularly, the actuator member 10074 can include a
cam follower portion 10081 which can be contacted by the
closure tube 10015 and displaced into its disengaged position
when the closure tube 10015 is advanced distally to close an
anvil, for example, of the end eftector 10020. The interaction
of a closure tube and an anvil is discussed elsewhere in the
present application and is not repeated herein for the sake of
brevity. In various circumstances, referring primarily to FIG.
107, the cam follower portion 10081 of the actuator member
10074 can be positioned within a window 10016 defined in
the closure tube 10015. When the clutch system 10070 is in its
engaged state, the edge or sidewall 10017 of the window
10016 can contact the cam follower portion 10081 and pivot
the actuator member 10074 about the pivot pin 10075. In
effect, the sidewall 10017 of the window 10016 can act as a
cam as the closure tube 10015 is moved into its distal, or
closed, position. In at least one circumstance, the actuator
member 10074 can comprise a stop extending therefrom
which can be configured to engage a housing of the handle,
for example, and limit the travel of the actuator member
10074. In certain circumstances, the shaft assembly can
include a spring positioned intermediate the housing of the
shaft assembly and a ledge 10082 extending from the actuator
member 10074 which can be configured to bias the actuator
member 10074 into its engaged position. In the distal, closed,
position of the closure tube 10015, discussed above, the clo-
sure tube 10015 can remain positioned underneath the cam
follower portion 10081 to hold the clutch system 10070 in its
disengaged state. In such a disengaged state, the movement of
the firing member 10060 is not transferred to the proximal
articulation driver 10030, and/or any other portion of the
articulation driver system. When the closure tube 10015 is
retracted back into its proximal, or open, position, the closure
tube 10015 can be removed from underneath the cam fol-
lower portion 10081 of the actuator member 10074 such that
the spring 10080 can bias the actuator member 10074 back
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into the window 10016 and allow the clutch system 10070 to
re-enter into its engaged state.

When the proximal articulation driver 10030 is operatively
engaged with the firing member 10060 via the clutch system
10070, further to the above, the firing member 10060 can
move the proximal articulation driver 10030 proximally and/
or distally. For instance, proximal movement of the firing
member 10060 can move the proximal articulation driver
10030 proximally and, similarly, distal movement of the fir-
ing member 10060 can move the proximal articulation driver
10030 distally. Referring primarily to FIGS. 102-104, move-
ment of the proximal articulation driver 10030, whether it be
proximal or distal, can unlock the articulation lock 10050, as
described in greater detail further below. With principal ref-
erence to FIG. 102, the articulation lock 10050 can comprise
a frame which is co-extensive with a frame 10042 of the distal
articulation driver 10040. Collectively, the frame of the
articulation lock 10050 and the frame 10042 can be collec-
tively referred to hereinafter as frame 10042. The frame
10042 can comprise a first, or distal, lock cavity 10044 and a
second, or proximal, lock cavity 10046 defined therein,
wherein the first lock cavity 10044 and the second lock cavity
10046 can be separated by an intermediate frame member
10045. The articulation lock 10050 can further include at
least one first lock element 10054 at least partially positioned
within the first lock cavity 10044 which can be configured to
inhibit or prevent the proximal movement of the distal articu-
lation driver 10040. With regard to the particular embodiment
illustrated in FIGS. 102-104, there are three first lock ele-
ments 10054 positioned within the first lock cavity 10044
which can all act in a similar, parallel manner and can co-
operatively act as a single lock element. Other embodiments
are envisioned which can utilize more than three or less than
three first lock elements 10054. Similarly, the articulation
lock 10050 can further include at least one second lock ele-
ment 10056 at least partially positioned within the second
lock cavity 10046 which can be configured to inhibit or pre-
vent the distal movement of the distal articulation driver
10040. With regard to the particular embodiment illustrated
in FIGS. 102-104, there are three second lock elements 10056
positioned within the second lock cavity 10046 which can all
act in a similar, parallel manner and can co-operatively act as
a single lock element. Other embodiments are envisioned
which can utilize more than three or less than three second
lock elements 10056.

Further to the above, referring primarily to FIG. 104A,
each first lock element 10054 can comprise a lock aperture
10052 and a lock tang 10053. The lock tang 10053 can be
disposed within the first lock cavity 10044 and the lock aper-
ture 10052 can be slidably engaged with a frame rail 10011
mounted to the shaft frame 10012. Referring again to FIG.
102, the frame rail 10011 extends through the apertures
10052 in the first lock elements 10054. As the reader will
note, with further reference to FIG. 102, the first lock ele-
ments 10054 are not oriented in a perpendicular arrangement
with the frame rail 10011; rather, the first lock elements
10054 are arranged and aligned at a non-perpendicular angle
with respect to the frame rail 10011 such that the edges or
sidewalls of the lock apertures 10052 are engaged with the
frame rail 10011. Moreover, the interaction between the side-
walls of the lock apertures 10052 and the frame rail 10011 can
create a resistive or friction force therebetween which can
inhibit relative movement between the first lock elements
10054 and the frame rail 10011 and, as a result, resist a
proximal pushing force P applied to the distal articulation
driver 10040. Stated another way, the first lock elements
10054 can prevent or at least inhibit the end effector 10020
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from rotating in a direction indicated by arrow 10002. If a
torque is applied to the end effector 10020 in the direction of
arrow 10002, a proximal pushing force P will be transmitted
from the drive pin 10021 extending from the frame 10022 of
the end effector 10024 to the frame 10042 of the distal articu-
lation driver 10040. In various circumstances, the drive pin
10021 can be closely received within a pin slot 10043 defined
in the distal end 10041 of the distal articulation driver 10040
such that the drive pin 10021 can bear against a proximal
sidewall of the pin slot 10043 and transmit the proximal
pushing force P to the distal articulation driver 10040. Further
to the above, however, the proximal pushing force P will only
serve to bolster the locking engagement between the first lock
elements 10054 and the frame rail 10011. More particularly,
the proximal pushing force P can be transmitted to the tangs
10053 of the first lock elements 10054 which can cause the
first lock elements 10054 to rotate and decrease the angle
defined between first lock elements 10054 and the frame rail
10011 and, as a result, increase the bite between the sidewalls
of the lock apertures 10052 and the frame rail 10011. Ulti-
mately, then, the first lock elements 10054 can lock the move-
ment of the distal articulation driver 10040 in one direction.
In order to release the first lock elements 10054 and permit
the end effector 10020 to be rotated in the direction indicated
by arrow 10002, referring now to FIG. 103, the proximal
articulation driver 10030 can be pulled proximally to
straighten, or at least substantially straighten, the first lock
elements 10054 into a perpendicular, or at least substantially
perpendicular, position. In such a position, the bite, or resis-
tive force, between the sidewalls of the lock apertures 10052
and the frame rail 10011 can be sufficiently reduced, or elimi-
nated, such that the distal articulation driver 10040 can be
moved proximally. In order to straighten the first lock ele-
ments 10054 into the position illustrated in FIG. 103, the
proximal articulation driver 10030 can be pulled proximally
such that a distal arm 10034 of the proximal articulation
driver 10030 contacts the first lock elements 10054 to pull and
rotate the first lock elements 10054 into their straightened
position. In various circumstances, the proximal articulation
driver 10030 can continue to be pulled proximally until a
proximal arm 10036 extending therefrom contacts, or abuts, a
proximal drive wall 10052 of the frame 10042 and pulls the
frame 10042 proximally to articulate the end effector 10002.
In essence, a proximal pulling force can be applied from the
proximal articulation driver 10030 to the distal articulation
driver 10040 through the interaction between the proximal
arm 10036 and the proximal drive wall 10052 wherein such a
pulling force can be transmitted through the frame 10042 to
the drive pin 10021 to articulate the end effector 10020 in the
direction indicated by arrow 10002. After the end effector
10020 has been suitably articulated in the direction of arrow
10002, the proximal articulation driver 10040 can be
released, in various circumstances, to permit the articulation
lock 10050 to re-lock the distal articulation member 10040,
and the end effector 10020, in position. In various circum-
stances, the articulation lock 10050 can comprise a spring
10055 positioned intermediate the group of first lock ele-
ments 10054 and the group of second lock elements 10056
which can be compressed when the first lock elements 10054
are straightened to unlock the proximal movement of the
distal articulation driver 10040, as discussed above. When the
proximal articulation driver 10030 is released, the spring
10055 canresiliently re-expand to push the first lock elements
10054 into their angled positions illustrated in FIG. 102.
Concurrent to the above, referring again to FIGS. 102 and
103, the second lock elements 10056 can remain in an angled
position while the first lock elements 10054 are locked and
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unlocked as described above. The reader will appreciate that,
although the second lock elements 10056 are arranged and
aligned in an angled position with respect to the shaft rail
10011, the second lock elements 10056 are not configured to
impede, or at least substantially impede, the proximal motion
of'the distal articulation driver 10040. When the distal articu-
lation driver 10040 and articulation lock 10050 are slid proxi-
mally, as described above, the second lock elements 10056
can slide distally along the frame rail 10011 without, in vari-
ous circumstances, changing, or at least substantially chang-
ing, their angled alignment with respect to the frame rail
10011. While the second lock elements 10056 are permissive
of the proximal movement of the distal articulation driver
10040 and the articulation lock 10050, the second lock ele-
ments 10056 can be configured to selectively prevent, or at
least inhibit, the distal movement of the distal articulation
driver 10040, as discussed in greater detail further below.

Similar to the above, referring primarily to FIG. 104A,
each second lock element 10056 can comprise a lock aperture
10057 and a lock tang 10058. The lock tang 10058 can be
disposed within the second lock cavity 10046 and the lock
aperture 10057 can be slidably engaged with the frame rail
10011 mounted to the shaft frame 10012. Referring again to
FIG. 102, the frame rail 10011 extends through the apertures
10057 in the second lock elements 10056. As the reader will
note, with further reference to FIG. 102, the second lock
elements 10056 are not oriented in a perpendicular arrange-
ment with the frame rail 10011, rather, the second lock ele-
ments 10056 are arranged and aligned at a non-perpendicular
angle with respect to the frame rail 10011 such that the edges
or sidewalls of the lock apertures 10057 are engaged with the
frame rail 10011. Moreover, the interaction between the side-
walls of the lock apertures 10057 and the frame rail 10011 can
create a resistive or friction force therebetween which can
inhibit relative movement between the second lock elements
10056 and the frame rail 10011 and, as a result, resist a distal
force D applied to the distal articulation driver 10040. Stated
another way, the second lock elements 10056 can prevent or
at least inhibit the end effector 10020 from rotating in a
direction indicated by arrow 10003. If a torque is applied to
the end effector 10020 in the direction of arrow 10003, a distal
pulling force D will be transmitted from the drive pin 10021
extending from the frame 10022 of the end effector 10024 to
the frame 10042 of the distal articulation driver 10040. In
various circumstances, the drive pin 10021 can be closely
received within the pin slot 10043 defined in the distal end
10041 of the distal articulation driver 10040 such that the
drive pin 10021 can bear against a distal sidewall of the pin
slot 10043 and transmit the distal pulling force D to the distal
articulation driver 10040. Further to the above, however, the
distal pulling force D will only serve to bolster the locking
engagement between the second lock elements 10056 and the
frame rail 10011. More particularly, the distal pulling force D
can be transmitted to the tangs 10058 of the second lock
elements 10056 which can cause the second lock elements
10056 to rotate and decrease the angle defined between sec-
ond lock elements 10056 and the frame rail 10011 and, as a
result, increase the bite between the sidewalls of the lock
apertures 10057 and the frame rail 10011. Ultimately, then,
the second lock elements 10056 can lock the movement of the
distal articulation driver 10040 in one direction.

In order to release the second lock elements 10056 and
permit the end effector 10020 to be rotated in the direction
indicated by arrow 10003, referring now to FIG. 104, the
proximal articulation driver 10030 can be pushed distally to
straighten, or at least substantially straighten, the second lock
elements 10056 into a perpendicular, or at least substantially

10

15

20

25

30

35

40

45

50

55

60

65

56

perpendicular, position. In such a position, the bite, or resis-
tive force, between the sidewalls of the lock apertures 10057
and the frame rail 10011 can be sufficiently reduced, or elimi-
nated, such that the distal articulation driver 10040 can be
moved distally. In order to straighten the second lock ele-
ments 10056 into the position illustrated in FIG. 104, the
proximal articulation driver 10030 can be pushed distally
such that the proximal arm 10036 of the proximal articulation
driver 10030 contacts the second lock elements 10056 to push
and rotate the second lock elements 10056 into their straight-
ened position. In various circumstances, the proximal articu-
lation driver 10030 can continue to be pushed distally until
the distal arm 10034 extending therefrom contacts, or abuts,
a distal drive wall 10051 of the frame 10042 and pushes the
frame 10042 distally to articulate the end effector 10020. In
essence, a distal pushing force can be applied from the proxi-
mal articulation driver 10030 to the distal articulation driver
10040 through the interaction between the distal arm 10034
and the distal drive wall 10051 wherein such a pushing force
can be transmitted through the frame 10042 to the drive pin
10021 to articulate the end effector 10020 in the direction
indicated by arrow 10003. After the end effector 10020 has
been suitably articulated in the direction of arrow 10003, the
proximal articulation driver 10040 can be released, in various
circumstances, to permit the articulation lock 10050 to re-
lock the distal articulation member 10040, and the end effec-
tor 10020, in position. In various circumstances, similar to the
above, the spring 10055 positioned intermediate the group of
first lock elements 10054 and the group of second lock ele-
ments 10056 can be compressed when the second lock ele-
ments 10056 are straightened to unlock the distal movement
of the distal articulation driver 10040, as discussed above.
When the proximal articulation driver 10040 is released, the
spring 10055 can resiliently re-expand to push the second
lock elements 10056 into their angled positions illustrated in
FIG. 102.

Concurrent to the above, referring again to FIGS. 102 and
104, the first lock elements 10054 can remain in an angled
position while the second lock elements 10056 are locked and
unlocked as described above. The reader will appreciate that,
although the first lock elements 10054 are arranged and
aligned in an angled position with respect to the shaft rail
10011, the first lock elements 10054 are not configured to
impede, or at least substantially impede, the distal motion of
the distal articulation driver 10040. When the distal articula-
tion driver 10040 and articulation lock 10050 are slid distally,
as described above, the first lock elements 10054 can slide
distally along the frame rail 10011 without, in various cir-
cumstances, changing, or at least substantially changing,
their angled alignment with respect to the frame rail 10011.
While the first lock elements 10054 are permissive of the
distal movement of the distal articulation driver 10040 and the
articulation lock 10050, the first lock elements 10054 are
configured to selectively prevent, or at least inhibit, the proxi-
mal movement of the distal articulation driver 10040, as dis-
cussed above.

In view of the above, the articulation lock 10050, in a
locked condition, can be configured to resist the proximal and
distal movements of the distal articulation driver 10040. In
terms of resistance, the articulation lock 10050 can be con-
figured to prevent, or at least substantially prevent, the proxi-
mal and distal movements of the distal articulation driver
10040. Collectively, the proximal motion of the distal articu-
lation driver 10040 is resisted by the first lock elements 10054
when the first lock elements 10054 are in their locked orien-
tation and the distal motion of the distal articulation driver
10040 is resisted by the second lock elements 10056 when the
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second lock elements 10056 are in their locked orientation, as
described above. Stated another way, the first lock elements
10054 comprise a first one-way lock and the second lock
elements 10056 comprise a second one-way lock which locks
in an opposite direction.

When the first lock elements 10054 are in a locked con-
figuration, referring again to FIG. 102 and as discussed above,
an attempt to move the distal articulation driver 10040 proxi-
mally may only serve to further decrease the angle between
the first lock elements 10054 and the frame rail 10011. In
various circumstances, the first lock elements 10054 may flex
while, in at least some circumstances, the first lock elements
10054 may abut a distal shoulder 10047 defined in the first
lock cavity 10044. More precisely, the outer-most first lock
element 10054 may abut the distal shoulder 10047 while the
other first lock elements 10054 may abut an adjacent first lock
element 10054. In some circumstances, the distal shoulder
10047 can arrest the movement of the first lock elements
10054. In certain circumstances, the distal shoulder 10047
can provide strain relief. For instance, once the distal shoulder
10047 is in contact with the first lock elements 10054, the
distal shoulder 10047 can support the first lock elements
10054 at a location which is adjacent to, or at least substan-
tially adjacent to, the lock rail 10011 such that only a small
lever arm, or torque arm, separates opposing forces transmit-
ted through the first lock elements 10054 at different locations
thereof. In such circumstances, in effect, the force transmitted
through the tangs 10053 of the first lock elements 10054 may
be reduced or eliminated.

Similar to the above, when the second lock elements 10056
are in a locked configuration, referring again to FIG. 102 and
as discussed above, an attempt to move the distal articulation
driver 10040 distally may only serve to further decrease the
angle between the second lock elements 10056 and the frame
rail 10011. In various circumstances, the second lock ele-
ments 10056 may flex while, in at least some circumstances,
the second lock elements 10056 may abut a proximal shoul-
der 10048 defined in the second lock cavity 10046. More
precisely, the outer-most second lock element 10056 may
abut the proximal shoulder 10048 while the other second lock
elements 10056 may abut an adjacent second lock element
10056. In some circumstances, the proximal shoulder 10048
can arrest the movement of the second lock elements 10056.
In certain circumstances, the proximal shoulder 10048 can
provide strain relief. For instance, once the proximal shoulder
10048 is in contact with the second lock elements 10056, the
proximal shoulder 10048 can support the second lock ele-
ments 10056 at a location which is adjacent to, or at least
substantially adjacent to, the lock rail 10011 such that only a
small lever arm, or torque arm, separates opposing forces
transmitted through the second lock elements 10056 at dif-
ferent locations thereof. In such circumstances, in effect, the
force transmitted through the tangs 10058 of the second lock
elements 10056 may be reduced or eliminated.

Discussed in connection with the exemplary embodiment
illustrated in FIGS. 102-112, an initial proximal movement of
the proximal articulation driver 10030 can unlock the proxi-
mal movement of the distal articulation driver 10040 and the
articulation lock 10050 while a further proximal movement of
the proximal articulation driver 10030 can drive the distal
articulation driver 10040 and the articulation lock 10050
proximally. Similarly, an initial distal movement of the proxi-
mal articulation driver 10030 can unlock the distal movement
of'the distal articulation driver 10040 and the articulation lock
10050 while a further distal movement of the proximal articu-
lation driver 10030 can drive the distal articulation driver
10040 and the articulation lock 10050 distally. Such a general
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concept is discussed in connection with several additional
exemplary embodiments disclosed below. To the extent that
such discussion is duplicative, or generally cumulative, with
the discussion provided in connection with the exemplary
embodiment disclosed in FIGS. 102-112, such discussion is
not reproduced for the sake of brevity.

Turning now to FIGS. 113 and 114, a surgical instrument,
such as surgical instrument 10000, and/or any other surgical
instrument system, for example, can comprise a proximal
articulation driver 10130, a distal articulation driver 10140,
and an articulation lock 10150. The articulation lock 10150
can comprise a frame 10152 which can include a slot, or lock
channel, 10151 defined therein configured to receive at least
aportion of the proximal articulation driver 10130 and at least
a portion of the distal articulation driver 10140. The articula-
tion lock 10150 can further comprise a first lock element
10154 positioned within a first, or distal, lock cavity 10144
and a second lock element 10155 positioned within a second,
or proximal, lock cavity 10146. Similar to the above, the first
lock element 10154 can be configured to resist a proximal
pushing force P transmitted through the distal articulation
driver 10140. To this end, the distal articulation driver 10140
can include a lock recess 10145 defined therein which can
include one or more lock surfaces configured to engage the
first lock element 10154 and prevent the movement of the
distal articulation driver 10140 relative to the lock frame
10152. More specifically, a sidewall of the lock recess 10145
can comprise a first, or distal, lock surface 10141 which can
be configured to wedge the first lock element 10154 against a
sidewall, or lock wall, 10153 of the lock channel 10151 and,
owing to this wedged relationship, the distal articulation
driver 10140 may not be able to pass between the first lock
element 10154 and the opposing sidewall 10157 of the lock
channel 10151. The reader will appreciate that the lock recess
10145 is contoured such that it gradually decreases in depth
toward the distal end of the lock recess 10145 wherein, cor-
respondingly, the distal articulation driver 10140 gradually
increases in thickness toward the distal end of the lock recess
10145. As a result, a proximal pushing force P applied to the
distal articulation driver 10140 may only serve to further
increase the resistance, or wedging force, holding the distal
articulation driver 10140 in position.

In order to pull the distal articulation driver 10140 proxi-
mally, the proximal articulation driver 10130 can be config-
ured to, one, displace the distal lock element 10154 proxi-
mally to unlock the articulation lock 10150 in the proximal
direction and, two, directly engage the distal articulation
driver 10140 and apply a proximal pulling force thereto. More
specifically, further to the above, the proximal articulation
driver 10130 can comprise a distal arm 10134 configured to
initially engage the first lock element 10154 and a proximal
arm 10136 which can be configured to then engage a proximal
drive wall 10147 defined at the proximal end of the lock
recess 10145 and pull the distal articulation driver 10140
proximally. Similar to the above, the proximal movement of
the distal articulation driver 10140 can be configured to
articulate the end effector of the surgical instrument. Once the
end effector has been suitably articulated, the proximal
articulation driver 10130 can be released, in various circum-
stances, to permit a spring 10155 positioned intermediate the
first lock element 10154 and the second lock element 10156
to expand and sufficiently re-position the first lock element
10154 relative to the first lock surface 10141 and re-lock the
distal articulation driver 10140 and the end effector in posi-
tion.

Concurrent to the above, the second lock element 10156
may not resist, or at least substantially resist, the proximal
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movement of the distal articulation driver 10140. When the
articulation lock 10150 is in a locked condition, the second
lock element 10156 may be positioned between a second, or
proximal, lock surface 10143 ofthe lock recess 10145 and the
lock wall 10153 of the lock channel 10151. As the distal
articulation driver 10140 is pulled proximally by the proximal
articulation driver 10130, further to the above, a dwell portion
10142 of the lock recess 10145 may move over the second
lock element 10156. In various circumstances, the dwell por-
tion 10142 of'the lock recess 10145 may comprise the widest
portion of the recess 10145 which may, as a result, permit
relative sliding movement between the distal articulation
driver 10140 and the second lock element 10156 as the distal
articulation driver 10140 is pulled proximally. In some cir-
cumstances, the second lock element 10156 can be config-
ured to roll within the dwell portion 10142 thereby reducing
the resistance force between the distal articulation driver
10140 and the second lock element 10156. As t